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Abstract 

Chapter 2 clearly demonstrates that for shirting fabrics in general the 
Modified Clupickers consistently outperform the Original Clupickers. 
Experimental data obtained during this project show that the Original 
Clupickers have a performance range between 97.51% and 98.68%, and the 
Modified Clupickers have a performance range between 98.76% and 99.23%. 
(Previous estimates were 99.5+% and 99.9%.) 

These Clupicker performance values were obtained by running three 
Original Clupickers on one half of a Jet Sew 5001 Automatic Front Loader 
and three Modified Clupickers on the other half of the Loader.  Each side of 
the Loader processed 2790 plies made from 18 different shirt fabrics 
(experimental details are given in Chapter 2).  In addition, each side of the 
Loader processed 2875 plies of white oxford shirt fabric. So, to obtain the 
mispick data each group of three Clupickers (Original and Modified) had to 
pick 5665 plies made of 19 different shirt fabrics. 

Chapter 2 also shows that a simple device (a Bologna Sheer) can make the 
troubleshooting of Clupickers fast and accurate.   In some production 
environments the Bologna Sheer can help mechanics increase the Original 
Clupicker performances to the point that Modified Clupickers may not even 
be required.   Determining how Clupickers fit into production environments 
was the job of Chapter 3, however. 

Chapter 3 shows that before a company can conduct a cost analysis on any 
piece of equipment, the company must understand how the equipment 
affects the manufacturing environment.   In the case of the Clupickers this 
involves first confirming that the Clupicker processing speed is limited by 
the Jet Sew Hemmer. Next, the way a Jet Sew Hemmer fits into an apparel 
manufacturing environment is modeled.   Then the Jet Sew Hemmer's 
critical production time-path is determined.   Time-based information is 
then added to the critical time-path. The result is a production model for 
the equipment in question (a completed model is shown in Figure 3-3). 
Finally, the basic validity of the production model is checked. 

For the Jet Sew Hemmer this is done in the last section of Chapter 3 using a 
calculator program developed in Appendix J.  The check involves 
determining if the Clupickers create more errors than can be corrected in 
the time available (see Chapter 3 for a more detailed explanation).  Once the 
production model is developed and checked, a detailed cost analysis for a 
variety of production scenarios is performed. 
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Chapter 4 is devoted entirely to performing comprehensive Clupicker cost 
analyses using Clemson Apparel Research's Apparel Manufacturers' 
Capital Investment Advisor (AMCIA) program.   The resulting data is 
analyzed for trends, and two simple equations are produced which can 
predict the net present values associated with a variety of production and 
Clupicker related purchase scenarios.  Chapter 4 emphasizes the fact that, 
despite favorable cost analyses, companies looking to justify Clupicker 
purchases based on labor savings alone may be disappointed.  Also, 
companies will be disappointed to learn that Hemmer/Loaders require 
constant human monitoring.  This does not mean development of the 
Modified Clupickers was a waste of time, however. 

The Modified Clupickers will reduce the number of times an operator must 
correct mispick conditions by giving the Loader's the ability to 
automatically correct for large fabric variations.  The Loader's can also 
automatically correct mispicks if Jet Sew modifies the Loader's controls so 
that when a mispick condition is sensed the Loader drops the offending 
plies and automatically attempts to repick the top-most ply. The only 
condition which the Loader's can not compensate for is poor bundle quality. 
Methods for achieving high bundle quality are listed at the end of Chapter 4 
and again in Chapter 5 which summarizes the whole paper. 

Any company that understands and follows the recommendations 
given in this paper can expect the Modified Clupickers to increase the 
Hemmer/Loader's production capacity.   Increasing a 
Hemmer/Loader's production capacity is only useful if it avoids a 
production bottleneck, however.  If increased production capacity 
does not eliminate a production bottleneck then the increased 
capacity is not necessary.   In other words, improving a hemming 
operation by purchasing a Jet Sew Hemmer and Loader equipped 
with Modified Clupickers only makes sense if the hemming 
operation is a true production bottleneck. 
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Chapter 1 - Introduction 

Background 
The Jet Sew Clupicker ply separation and loading system is one of the most 
flexible and reliable automated mechanical systems for loading apparel 
fabrics and similar materials. There are many of these loading systems in 
operation in industry. This system has been used or studied by a number of 
research organizations including NCSU, (TC)2, Georgia Tech, and Clemson 
Apparel Research. 

Problem 
While the Clupicker system is one of the best loading systems commercially 
available, industrial experience has shown that the Clupicker system 
requires proper maintenance and accurate mechanical adjustments for 
efficient operation.  The skill level or training in many factories is often 
insufficient to maintain the system at its optimum working condition. 
Production trials at CAR have indicated that disrupted stacks and changes 
in fabric types can disrupt production efficiency.  NCSU studies have shown 
that it is not easy for the operator to adjust important mechanical 
parameters. These studies also show that the Clupicker pickup device is not 
the preferred top ply grasping device in certain instances. These problems 
combined tend to inhibit the acceptance of Clupicker technology. 

Need 
Despite deficiencies in existing Clupicker technology, many high volume 
production facilities (19,000+ units/week)1-1 are willing to invest in 
Clupicker technology.   These production facilities have sufficiently high 
production volumes that they can justify purchasing several loading 
devices and hiring a full-time mechanic to maintain the picker systems 
(loaders).  Such high volume companies offset the cost of several loaders 
and a full-time mechanic with savings derived from the elimination of 
machine operators hired to manually load fabric plies into automated 
sewing machines.   The justification of Clupicker systems is further 
enhanced if the associated sewing operations form production bottle-necks. 

The real need for improved Clupicker technology comes from the small-to- 
medium production facilities (2,000+ to 15,000+ units/week)12. These 
facilities have the same production problems as the high volume facilities 
but can not offset the cost of Clupicker technology with labor savings. There 
are many reason for this (see the Improvement of Clupicker - Phase I final 
report, DLA900 87-0017, DO-0024)), but two of the main reasons center 
around the Clupicker's reliability and flexibility.13 
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In production environments large enough to justify a full-time Clupicker 
mechanic, Clupicker malfunctions can be quickly identified and repaired 
using the skills the mechanic develops from constant exposure to picker 
related problems.  Also, in large production facilities the production runs 
are long enough to allow the mechanic time to identify the primary source 
of picker related handling problems.   In smaller manufacturing facilities 
mechanics never get the opportunity to develop a Clupicker knowledge-base 
because the production runs are not long enough to justify machine 
exploration or validate machine adjustments. 

Solution 
The most elegant way to address the Clupicker problems of reliability and 
flexibility was to explore Dr. Tim Clapp's concept of a "Self-adjusting 
Clupicker". NCSU, JetSew, and CAR developed and tested the Self- 
adjusting Clupicker (a.k.a. The Modified Clupicker) as part of the two phase 
"Improvement of Clupicker" project. 

Phase I of the project had two primary objectives. The first objective was to 
identify the primary factors inhibiting Clupicker acceptance among small 
and medium apparel producers.  The second objective was to design and 
construct an enhanced ply separation system that eliminated or minimized 
the affects of the critical factors inhibiting acceptance of the automated 
Clupicker ply separation and loading system, while maintaining or 
reducing manufacturing costs. 

Phase II of the project also had two primary objectives.  The first objective 
was to design and implement impartial statistical experiments to test the 
success of the Phase I Clupicker system modifications.  The second 
objective was to  recommend improvements or immediate 
commercialization. 

Note 
Readers should note that at the time this report was written, all of the 
industry processes, equipment, and opinions listed in this report were 
current and are therefore discussed in the present tense.  Developments 
made during the course of the Improvement of Clupicker Project are 
reported in the conventional manner, in the past tense. 
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Chapter 2 - Clupicker Experiment 

Original Experimental Design 
In the Phase II proposal CAR submitted a statistically designed 
experiment.   The experiment was designed according to the original 
experimental design-outline provided in the Fundamental Concepts in the 
Design of Experiments. Third Edition, by Charles R. Hicks.21 A detailed 
description of the original experimental design is given in Appendix A. 

The original designed experiment was based on a number of assumptions: 

1. Performance estimates of 99.5% for the 
Original Clupicker and 99.9% for the 
Modified Clupicker, were reasonable.2,2 

2. Once the fabric pieces to be tested were cut 
and arranged in neat bundles, the 
experiment could begin. 

3. All the Clupickers were properly setup. 

4. All the Clupickers were properly maintained. 

5. Once configured for the experiment, picker 
performance would not vary substantially 
over the length of the experiment. 

6. Manual fabric realignment would be 
sufficient for conducting repeat tests using 
the same fabric samples. 

7. Once the experiment began, it would take a 
maximum of one week to complete. 

8. 16,000 plies could be processed in four days, or 
two-thousand plies could be processed per 
day. 

9. Side-to-side picker change-overs would take 
half a day each with minimum disruption to 
the loader performance. 

As shall be shown, most of these assumptions proved false, but the 
preparations made for beginning the experiment proved useful. 
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Sample   Preparation 
The first step in preparing to conduct the Clupicker performance test was to 
cut short sleeves (a.k.a. the experimental units) from a variety of fabrics. 
Eighteen different types of shirt fabric were selected at random for running 
the Clupicker experiment (see Appendix B).  The different fabrics were 
spread using an Eastman Advance 3000 Automatic Spreader, and were cut 
according to the Army, AG 415, dress-shirt, short-sleeve pattern.  The fabric 
cutting was done on a Gerber GERBERcutter S-3200 medium-/high-ply 
cutter. 

Once the fabric was cut, the bundles were pulled, and the perfect sleeves 
were separated from the damaged and partial sleeves.  The sleeves were 
then sorted into bundles based on the individual fabric types.  These bundles 
were then divided in half with odd sleeves being thrown away.  The 
individual fabric bundles were than stacked one on top of the other to form 
two identical stacks of fabric showing distinct material zones. 

This process was done to ensure that the sleeves between each stack were 
from random locations on the same roll of fabric.  To ensure that the plies 
within the stacks were equally random, the two identical stacks of fabric 
(with the distinct material zones) were then randomly arranged so that 
each ply within each stack was different from the next ply within the same 
stack. To ensure parity between the two stacks, however, the random fabric 
distributions within each stack were kept the same.  In this way CAR 
created two identical stacks of sleeves. Each stack of sleeves contained the 
same random distribution of fabric types.  The sleeves were cut from the 
same random selection of fabrics, but sleeves made from the same fabric 
type came from randomly selected rolls if fabric and random locations 
within those rolls of fabric. 

Initially, the two stacks, consisting of 570 plies each, were going to be reused 
for the duration of the test. This naive decision was based on the 
assumptions that destacking the shirt sleeves would not damage the 
sleeves, and that the Loader's alignment system could accurately realign 
the plies.  Both assumptions proved false, and will be discussed in more 
detail later. In any event, the two stacks (or bundles! with 570 plies each, 
proved extremely difficult to handle.  Simply lifting the bundles disrupted 
the ply-to-ply alignment, and so the two large bundles were each broken into 
four smaller bundles.  The smaller bundles were easier to manage and did 
not suffer extensive ply-to-ply misalignment when handled.  The names 
and ply sequences of the four smaller bundles are described in Appendix C. 

With the test bundles in hand, a block of one week was set aside to conduct 
the Clupicker tests. The week of July 4th was selected as the best week for 
running the experiment.  During the July 4th week most apparel and 
textile facilities experience substantial slow-downs.   CAR is no exception. 
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Setup  Procedures 
As stated in the section "Original Experimental Design", the original 
experiment was designed under the assumption that the Clupickers (both 
Original and Modified) had been properly setup and properly maintained. 
CAR routinely demonstrated the two Clupickers running side-by-side on 
Jet Sew's 5001 Automatic Front Loader. Even now, as part of CAR's 
ongoing demonstration site, all of the machines are run as they would be in 
a small (2000+ units/day) manufacturing facility.  It was therefore 
reasonable to assume that the Clupickers would be well setup and 
maintained because conditions otherwise would stop the demonstration site 
from functioning properly. 

Assuming the Clupickers were in good working order, the Clupickers on 
the Jet Sew Loader were adjusted so that the positions of each hold-down 
finger relative to its associated picker was maintained.  To minimize 
disturbance to the picker setup, the three Modified Pickers, spread apart 
over the right elevator table, were left alone. The three Original Pickers, 
located close together over the left elevator table, were moved so that their 
spacing matched the spacing of the three Modified Pickers. 

CAR also made a number of modifications to the Loader in order to 
facilitate bundle reprocessing and error tracking.  To facilitate bundle 
reprocessing, the Loader was modified to run automatically but 
independently of the Jet Sew Model 2621 Centerplaite/Sleeve Hemmer. CAR 
felt the modification was necessary to avoid passing the short sleeves 
through the Hemmer's folding group which would eventually crease the 
sleeves.  With the Loader separated from the Hemmer, the Loader was 
made to cycle automatically by moving the Conveyor Scanner.2 3 

Initial Performance Results 
With test samples in hand, a block of one week available, and Jet Sew's 
Loader setup, CAR began the designed experiment.  The initial results were 
disastrous (Appendix D). 

The first test bundles loaded were the Chambray bundles (see Appendix B). 
In pass number one (i.e., in the first complete processing of the Chambray 
bundles), out of 69 plies in each Chambray bundle, there were 23 mispicks 
in the Original Clupicker bank and four mispicks in the Modified Clupicker 
bank.  Following this run the bundles unloaded from the back of the loader 
were found to be in complete disarray. Therefore, the two Chambray 
bundles had to be carefully restacked by hand.  In pass number two there 
were 30 mispicks in the Original Clupicker bank and five mispicks in the 
Modified Clupicker bank. 
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From these initial results it was obvious that the Clupickers/Loader 
combination was not working properly, and that the original designed 
experiment could not proceed until machine adjustments had been made to 
improve the Clupicker/Loader performance.   The initial results also 
showed that many of the underlying assumptions, on which the original 
designed experiment was based, were completely false. 

Problems 
From the initial test runs made using the Chambray bundles, it was 
obvious that many of the initial assumptions CAR had made, with respect 
to setting up the Clupickers and Loader, were wrong.  Finding and 
correcting the associated problems proved to be a difficult and time- 
consuming task. 

The first step in correcting the Clupicker performance problems involved 
isolating the source of those problems. The only way to isolate the problem 
sources was to create a simple test that could be repeated again and again 
with consistent results.  CAR decided to create two large bundles of Army 
AG 415 short-sleeves cut from plain white oxford cloth.  These bundles were 
identified as the "White" bundles.  The white bundles were cut from a single 
roll of fabric and were completely randomized. 

With the White bundles in hand, CAR conducted the a series of diagnostic 
tests (see Appendix E).  In a first run, most of the problems were on the 
Original Clupicker side of the Loader (Clupicker 4, 5, and 6).  In the second 
run, which arbitrarily consisted of picking 106 plies, Original Clupickers 
four and five and Modified Clupicker two were having problems.  Following 
adjustments (which are described in the next section) the Chambray 
bundles were run again.   Clearly, Original Clupicker number four was still 
malfunctioning. 

Based on these three diagnostic tests CAR decided to use the White bundles 
to adjust the Clupicker/Loader and to use the Chambray bundle to check 
those adjustments.  During this iterative adjustment process flaws in the 
underlying designed experiment/setup were exposed. 

Assumption that Clupickers are Properly Setup is False 
The test team's first major flaw was operating on the assumption that the 
Clupickers were properly setup before being repositioned for the Clupicker 
experiment.  Although CAR was using the Loader in the daily operation of 
its demonstration site, the close positioning of Original Clupickers 
prevented poor picker performance from surfacing.   The close proximity of 
the Original Clupickers meant that if one picker mispicked no fabric drape 
occurred and no mispick condition was sensed by the Loader.  The Original 
Clupickers were sufficiently close together that even if one or two mispicks 
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occurred the plies were still separated, and the Loader still functioned 
normally.   So, although the Original Clupickers were performing poorly, 
the Clupickers' performance was not impacting the Loader's performance. 

On separating the Original Clupickers, in preparation for the designed 
experiment, deficiencies in the Original Clupicker setup immediately 
surfaced.  Using the White bundles as diagnostic tools, several Clupicker 
and Loader mis adjustments surfaced.   The first misadjustment involved 
the "Arm Pressure, Compression Spring".24  The first diagnostic run (see 
Appendix E) clearly showed that doublepicks were the primary form of 
mispicks.  Doublepicks can occur for several reasons, but one of the reasons 
is excessive downward pressure by the Picker Wheel on the top ply. 
Reducing the Compression Spring tensions dramatically improved the 
Original Pickers' performances but did not completely eliminate the 
doublepicking tendencies of Original Picker number four (again, see 
Appendix E). 

During the first diagnostic run it was observed that all of the Clupickers 
were bouncing on the surface of the test bundles. During the pick cycle, as 
the Bimba Cylinders rotated the Picker Actuating Shafts2 5, the Clupickers 
were hitting the compliant bundle surfaces and bouncing in much the 
same way as a basketball dropped from a fraction of an inch bounces on a 
hardwood floor.  The bouncing occurred quickly and was difficult to isolate, 
but the bouncing condition explained why the Compression Spring 
pressures were set so high. Increasing the Compression Spring tensions 
decreased the bounce condition minimizing the chances that the pickers 
would pick while the picker wheels were not in contact with the top plies. 
Unfortunately, increasing the Compression Spring pressure is a double 
edged sword.   Increasing the Compression Spring pressure may minimize 
mispicks, but increasing the Compression Spring pressure increases the 
chance of doublepicks. 

The only way to approach the bouncing problem was to reduce the speed at 
which the Bimba Cylinders rotated the Picker Actuating Shafts.  Adjusting 
the check valves connected to the Bimba Cylinders, allowed all of the 
Clupickers to engage the top plies without bouncing and with plenty of time 
to grasp and lift the plies before the shutter advance.. Subsequent diagnostic 
tests (the results of which were not formerly recorded) showed that picker 
performance improved, but was still well below the 99.5% and 99.9% 
performance levels discussed by Dr. Tim Clapp. 

Using the Loader's Manual Run feature26, it was possible to cycle through 
the entire pick and place process and closely observe the Clupicker/Hold- 
down Finger Interaction.  Close inspection showed that all of the Modified 
Clupickers were adjusted according to the instructions shown in Figure 11 
of the Loader manual.  On the Original Clupicker side, however, Hold-down 
Finger Number Five was well outside of Clupicker Number Five's Picker 

2-5 



Frame, while  Hold-down Finger Number Four was actually striking 
Clupicker Number Four's Picker Frame during the pick operation.   Closer 
inspection also showed that none of the Hold-down Fingers were adjusted to 
the same bundle depth.  In other words, some of the Hold-down Fingers 
came out further from their Hold-down Finger Assemblies than others 
affecting the Clupickers' bundle misalignment sensitivity.  The further out 
the Hold-down Fingers are, the less sensitive to ply misalignment the 
Clupickers are.  Unfortunately, the further out the Hold-down Fingers are, 
the more likely the occurrence of mispicks due to plies failing to clear the 
Hold-down Fingers. 

Assumption that Clupickers are Properly Maintained is False 
In conversations with Elroy Pierce and Bob Bennett, the two sewing 
mechanics responsible for maintaining the machines on CAR's Demo 
floor, two points were brought out.  First, all of the original Pick-linkage 
Compression Springs on the Modified Clupicker had broken and had had to 
be replaced.  Second, beyond replacing the Compression Springs, no other 
adjustments had been made to the Loader or Clupickers since the Jet Sew 
technician had installed the Modified Pickers. 

All of the adjustments that had to be made to the Clupickers clearly showed 
that the Clupickers were neither properly setup nor properly maintained, 
and as mentioned earlier, close Clupicker spacing prevented poor 
Clupicker performance from being noted.  In any event, the experimental 
assumptions of proper machine setup and maintenance were wrong. 
Other experimental assumptions, that were quickly dismissed, all 
supported the idea that with minimum effort experimental bundles could 
be reused. 

Assumption that Bundle Reuse is Simple Proves False 
The single assumption that reusing bundles would be simple was based on 
a number of supporting assumptions. 

First, the experimental team assumed that destacking the shirt sleeves 
would not damage the sleeves. The initial test runs (Appendix D) clearly 
showed that the second run with the Chambray bundles produced poorer 
results than the first run.  Repeated runs with the White bundles also 
showed that the fabric tended to fray, and that tangling of the frayed edges 
led to increased Clupicker errors. 

A second supporting assumption which proved grossly in error was the 
assumption that the Loader's alignment system could accurately realign 
the plies.  Carefully loaded bundles with near perfectly aligned edges would 
be picked at the front end of the Loader. Bundles with large variations (up 
to 3/4" misalignment) would be deposited on the back end of the Loader. It 
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became apparent that although some ply misalignment was the result of 
fabric characteristics (such as lubricity), the majority of ply alignment 
variation could be contributed to the Loader itself. 

A third assumption that was immediately challenged was the assumption 
that any ply alignment errors that occurred during the pick-and-placement 
process could be corrected manually.  Careful observation of the Hold-down 
Fingers showed that even carefully aligned bundles frequently had plies 
which the Fingers failed to grasp.  This condition, coupled with the time it 
took to manually realign the stacks coming off the loader, made it clear that 
the time spent realigning all of the plies within the test bundles would 
greatly outweigh the time it took to spread, cut, and organize entirely new 
bundles. This was a serious concern for the test team because all of the 
diagnostic tests had consumed more than five of the seven days of time 
allotted for conducting the original experiment.  What was needed was a 
way to quickly tidy up the misaligned plies coming off of the Loader. 

Bologna Slicer Needed to Solve Some of the Problems 
Tests with the White bundles had shown that even freshly cut bundles were 
highly susceptible to ply misalignment errors.   What was needed was a 
way to collect, align, and place test bundles so that ply misalignment was 
minimized and testing throughput was maximized.   CAR's answer to the 
ply misalignment problem was dubbed "The Bologna Slicer". 

straight knife 

slick table 

shirt sleeves 

clamp 

straight cut fabric edge 

Figure 2-1: Bologna Slicer 
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The Bologna Slicer consisted of four basic parts; a slick table surface, pieces 
of cardboard to sandwich the bundle being cut, a large custom clamp/guide, 
and an Eastman Blue Streak II Reciprocating Straight Knife. 

The Bologna Slicer worked as follows. First, a reasonably neat bundle of 
fabric was sandwiched between the two pieces of cardboard.  The 
cardboard/fabric bundle was then set on the slick table, and clamped in the 
custom clamp/guide.   The custom clamp/guide, consisting of two pieces of 
channel iron and two long screws, was then used to clamp the 
cardboard/fabric bundle. 

The clamp/guide was designed to run between the edge of the slick table 
and the cutting blade of the straight knife. The straight knife was fixed 
relative to the slick table edge. After the straight knife was sharpened, 
lubricated, and left to run, the clamp/guide (cardboard, fabric and all) was 
pushed along the slick table.  As the clamp/guide was pushed, the straight 
knife carved off any excess material hanging beyond the edge of the 
clamp/guide.  The knife was then turned off, the clamp was released, and 
the bundle, with its perfectly straight, string-free edge, was transported on 
the rigid cardboard to the Loader.  The entire process allowed uneven 
processed bundles to have perfectly aligned edges even after being placed on 
the Loader. 

The downside of reforming the bundle edges was that fabric was 
progressively removed from the sleeves so that they became smaller and 
smaller.   To ensure that the process was completely randomized, and 
therefore had the same impact on both the Original and Modified Clupicker 
banks, the bundle positions were switched after each run.  This ensured 
that the bundle first processed on the Original Clupicker side of the 
machine was then processed on the Modified Clupicker side of the 
machine.   Randomizing the process ensured that any detrimental impact of 
reshaping the sleeves was equally distributed among both of the Clupicker 
banks. 

Experimental Time Constraints Reduce Flexibility 
The Bologna Slicer ensured that any bundles disturbed by the Loader could 
be quickly reprocessed and reused by the Loader. The Bologna Slicer also 
ensured that more of the time remaining could be used to test Clupickers 
than prepare additional test samples. Unfortunately, a large portion of the 
time designated for testing had now been consumed in pre-testing 
preparation, and despite the pre-test preparation, it was still difficult to cope 
with a number of original experimental assumptions. 
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Remaining Assumptions  Challenged 
Because CAR does not have a controlled environment, there was no way of 
knowing if the initial Clupicker/Loader setup matched Dr. Tim Clapp's 
setup in which he produced the 99.5+% and 99.9% Clupicker performance 
benchmarks. 

Diagnostic experiments made it clear that a much larger portion of time 
would be spent preparing, loading, unloading, and repreparing the test 
bundles than actually running the Clupickers. 

The test team concluded, based on initial setup, that the half day allotted for 
side-to-side change-over was too little time.  Originally, the designed 
experiment was to include a side-to-side change-over between each day's 
processing.   Given the slow progress made during initial setup, and the 
overall sensitivity of the Clupickers and Loader to minor influences, the test 
team decided to abandon the original experiment's call for daily side-to-side 
change-overs. 

New Experimental Approach Developed 
The inability to randomize side-to-side Loader affects, along with 
overwhelming evidence that a large number original assumptions were 
insupportable, led to questions about the reliability of the original 
experimental design.   Recognizing the difficulties encounted in designing 
the original experiment, and recognizing that time was too limited to 
design another experiment, a new test approach was developed.  The new 
approach was based on a multi-test process (instead of the original single- 
experiment design).   The approach was as follows: 

1. Conduct a series of informal diagnostic test to make sure the 
Clupicker performance is as good as reasonably possible. 

2. Benchmark, or calibrate, the Clupickers' performances using 
a simple pre-experimental calibration test. 

3. Using the original experiment's sleeve samples, conduct a new 
experiment on the Clupickers. 

4. Conduct a post-experimental calibration test(s) to see if the 
Clupickers' performances changed during Step 3. 

5. Use the pre- and post-experimental calibration data to create 
correction factors for the actual experimental data collected in 
Step 3. 

6. Draw conclusions based on Step 3 and Step 5 data. 

Diagnostic Tests 
Using the Bologna Sheer (described above), and bundles of oxford cloth short 
sleeves, CAR conducted an extensive series of diagnostic tests.  The purpose 
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of the test was to tune the Clupickers' performances to the highest values 
reasonably possible. Appendix E shows the data collected from some of the 
initial diagnostic tests.  In the end, however, recording data interfered with 
adjusting the Clupickers and no additional data was taken.  Once the 
Clupickers were performing reasonably well, the test team began the pre- 
experimental calibration test. 

Pre-experimental Calibration Test - (Correction Factor 1) 
As explained in the previous section, Step Two of the Clupicker Test 
involved running a simple test to benchmark (calibrate) the Clupickers' 
performances.  In Step One, diagnostic tests had been performed using 
bundles made of white oxford cloth.  Useful as a diagnostic tool, new 
bundles of white oxford cloth were prepared for use as a calibration tool. 

As before, the bundles were completely randomized and divided into two 
equal stacks.  These stacks were processed by the Loader, realigned using 
the Bologna Sheer, switched from one side of the Loader to the other, and 
reprocessed by the Loader until 1000 plies had been processed by both the 
Original and Modified Clupickers.  The data collected during this process 
are given in Appendix F. 

In processing 1000 Army AG 415 short-sleeves, each of the Original 
Clupickers mispicked once, and each of the mispicks were on completely 
different plies.  This information could be used to imply individual Original 
Clupicker performances of 99.9%.  The Modified Clupickers had no 
mispicks at all, implying a performance level of 100%. 

Obviously, claiming the Modified Clupickers were 100% efficient is 
ridiculous.   Such a claim is ridiculous because only one type of fabric was 
used and only a limited number of plies were processed.    Since no one 
knows whether the white oxford cloth is representative of all shirting 
fabrics, the pre-experimental calibration-test results can not be used to 
make performance estimates on all shirting fabrics.   The pre-experimental 
calibration test did confirm, however, that the Original Clupickers were 
working as well as could be expected. As Robert Keith Daniel's and Dr. Tim 
Clapp's industry survey points out, the 99.9% Original Clupicker 
performance level was well above the Apparel Industry's production 
efficiency expectations27. 

Description of the Actual Experiment 
Once the pre-experimental calibration test had been run, the original 
experimental bundles were processed.  The method used to process the 
experimental bundles was exactly the same as the method used to process 
the calibration bundles. As explained in the "Pre-experimental Setup" 
section, the bundles were completely randomized and divided into two equal 
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stacks.  These stacks were processed by the Loader, realigned using the 
Bologna Sheer, switched from one side of the Loader to the other, and 
reprocessed by the Loader. 

In formally designed experiments, calculating the number of plies to be 
processed is a function of expected experimental sensitivity.  In the original 
designed experiment 16,000 plies were deemed necessary in order to identify 
and separate mispicks caused by influences other than Clupicker 
performance. By processing 16,000 plies, the test team could say with 90% 
certainty that the Modified Clupickers outperformed the Original 
Clupickers, based on expected performances of 99.9% and 99.5+%, 
respectively. 

However, since the original experiment had been scrapped, and the 
production floor needed access to the Loader, it was arbitrarily decided that 
each of the experimental bundles should be processed a minimum of five 
times, at which point the data would be inspected for trends.  Processing the 
experimental bundles five times each would be equivalent to processing 
over 2000 plies per group of Clupickers. If, after processing 2000+ plies per 
Clupicker group, no clear trends were established, additional processing 
would take place. Based on diagnostic test results, however, the test team 
felt that processing 2000 + plies, and adding corrections from pre- and post- 
experimental calibration tests would provide adequate information for 
drawing firm conclusions about the relative performance of the Modified 
Clupickers versus the Original Clupickers. 

Experimental Results 
Using two bundles of each of the bundle types (see Appendix C) CAE began 
the Clupicker experiment.  Test results are given in Appendix G. 
Summary results are listed below.  To understand the results, it is 
important to understand the difference between Total Pick Errors and 
Group Picker Errors.  Total Pick Errors are the sum of all the mispicks and 
doublepicks for each individual Clupicker.   Group Picker Errors are the 
total number of mispicks and doublepicks on a Clupicker group basis.  For 
example:  If Original Clupickers 5 and 6 both mispicked when trying to pick 
up a particular ply, the total number of pick errors would be two (2). The 
Original Clupicker group (made of Pickers 4, 5, and 6) would have an error 
count of one (1). In other words, Clupickers 4, 5, and 6, as a group, failed to 
pick up the ply, hence an error count of one (1) is assigned to the of Original 
Clupickers. The reasons for evaluating the data this way, and the effect it 
has on Clupicker performance evaluations is  discussed in detail in the 
"Final Data Evaluation" section. 
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Table 2-1:  Bundle Number One's Performance 
(Chambray/Chambray) 

315 Plies Processed/Clupicker Group 
Clupicker #'s Mispicks Doublepicks Individual 

Picker Errors 
Group Picker 

Errors 
Original 

6 1 2 3 
10 5 4 3 7 

4 2 2 
Totals 12 10 

Modified 
3 0 0 0 

0 2 0 0 0 
1 0 0 0 

Totals 0 0 

Table 2-2:   Bundle Number Two's Performance 
(Dark Blue Broad Cloth/Wendy's Striped Cloth) 

840 Plies Processed/Clupicker Group 
Clupicker #'s Mispicks Doublepicks Individual 

Picker Errors 
Group Picker 

Errors 
Original 

6 29 1 30 
46 5 9 2 11 

4 25 1 26 
Totals 67 46 

Modified 
3 6 2 8 

22 2 10 0 10 
1 14 1 15 

Totals 33 22 
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Table 2-3:  Bundle Number Three's Performance 
(Pink Oxford Cloth/White Oxford Cloth) 

960 Plies Processed/Clupicker Group 
Clupicker #'s Mispicks Doublepicks Individual 

Picker Errors 
Group Picker 

Errors 

Original 
6 19 5 24 

75 5 3 21 24 
4 34 17 51 

Totals 99 75 

Modified 
3 4 4 8 

25 2 20 2 22 
1 6 2 8 

Totals 38 25 

Table 2-4:  Bundle Number Four's Performance 
(Blue Striped Oxford/Yellow Oxford) 
129 Plies Processed/Clupicker Group 

Clupicker #'s Mispicks Doublepicks Individual 
Picker Errors 

Group Picker 
Errors 

Original 
6 4 3 7 

34 5 2 12 14 
4 13 2 15 

Totals 36 34 

Modified 
3 1 0 1 

16 2 15 0 15 
1 5 1 6 

Totals 22 16 

A complete summary of the contents in Tables 2-1 through 2-4 is given in 
Table 2-5 on the next page. 
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Table 2-5: Summary of Tables 2-1 through 2-4 
2,760 Plies Processed/Clupicker Group 

Clupicker #'s Mispicks Doublepicks Individual 
Picker Errors 

Group Picker 
Errors 

Original 
6 53 11 64 

165 5 18 38 56 
4 74 20 94 

Totals 214 165 

Modified 
3 17 6 23 

63 2 45 12 57 
1 25 4 29 

Totals 109 63 

Before any reasonable conclusions could be drawn from this data, a post- 
experimental calibration test had to be conducted. 

Post-experimental Calibration Test "A" 
Once the Clupicker experiment had been run, a post-experimental 
calibration test was conducted. This test was performed to see if the 
Original Clupickers' performances had changed over the duration of the 
actual Clupicker experiment.  (Based on the fact that during the actual 
experiment the Modified Clupickers had clearly outperformed the Original 
Clupickers, the Modified Clupickers were not retested.) As with the pre- 
experimental calibration test, white oxford cloth was used to conduct the 
test. In fact, to avoid the possibility of introducing fabric related errors, the 
same bundles of white oxford cloth sleeves were used. 

Throughout all the experiments great care was taken to minimize the 
distortion caused by use of the Bologna Sheer. To ensure that reusing the 
pre-experimental sleeves would not introduce significant errors in post- 
experimental calibration test, the test team looked at the experimental data 
to see if significant changes in Clupicker performance had occurred as the 
bundles were reused.  An informal evaluation concluded that reusing the 
pre-experimental sleeves would have a less significant affect on Clupicker 
performance than using a completely new set of sleeves cut from a different 
roll of white oxford cloth. With this decision made, the test team proceeded 
with the post-experimental calibration test of the Original Clupickers. 

Again the method used to process the post-experimental calibration 
bundles was exactly the same as the method used to process the pre- 
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experimental calibration bundles.  These stacks were processed by the 
Original Clupickers located on the left-hand-side of the Loader, realigned 
using the Bologna Slicer, and reprocessed by the Loader. 

Results of the post-experimental calibration test are given in Appendix H. 
As the test progressed, the white oxford sleeves became shorter and shorter 
as a result of using the Bologna Slicer to recondition the bundle edges.  It 
was noted during the experiment that a large number of mispicks were 
accompanied by Hold-down Finger related errors.   Hold-down Finger errors 
occurred when any Finger failed to contact and stabilize a ply before the ply 
was picked.  Since the bundles were getting progressively narrower the test 
team postulates that the sleeve bundles were losing stability. The reduction 
in bundle stability may have caused the bundles to distort more readily, 
leading to ply misalignment, Hold-down Finger errors, and associated 
mispicks. 

In any event, after picking 1000 plies, all but one of the thirteen mispicks 
that occurred on the Original Clupicker side of the Loader was counted as a 
legitimate error (even though fabric misalignment was suspected as a 
contributing factor in all of the errors).  In picking 1000 plies only Clupicker 
5 produced pick errors, and there were at least 12 errors in the post- 
calibration test versus one (1) error in the pre-calibration test. The only 
conclusion which could be drawn with certainty was the fact that during 
the experiment something affected Clupicker 5's performance.  What the 
test team did not know was whether Clupicker 5's performance had any 
detrimental affects on Original Clupickers 4 and 6. The test team decided to 
conduct an additional test to see if Clupicker 5's failure to pick would have 
had any affect on Clupickers 4 and 6. 

Post-experimental Calibration Test "B" 
As explained in the previous section, Post-experimental Calibration Test B 
was performed to see if Clupicker 5's failure to pick had any affect on 
Clupickers 4 and 6. Just as in previous calibration tests, only the Original 
Clupickers were tested.  Clupicker 5 was turned off using the on/off switch 
located on the front of the Loader control panel allowing Clupickers 4 and 6 
to function normally. 

Once again white oxford cloth was used to conduct the test. Partly out of 
curiosity, and mainly out of a need to save time, the same white oxford cloth 
sleeves were used, yet again. Although the sleeves still resembled the 
original Army AG 415 sleeves, the sleeves were now a good three inches 
(25%) shorter.  In fact, after reprocessing four more times, the test team 
decided to discontinue the experiment short of the 1000 ply limit used in 
both the pre- and post-experimental calibration test. 
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Results of the test are given in Appendix H. After picking 875 plies, the test 
team decided to discontinue the test because the sleeves had become 
sufficiently short that some of the Hold Down Bumpers on the orientation 
end of the Loader had started to miss the sleeves and were scuffing the 
Loaders' Shutter.  In 875 picks, only two mispicks occurred, both involving 
Clupicker 6.  The test showed, however, that if any interaction had occurred 
between Clupicker 5 and the other Original Clupickers, the interactions 
were weak at best. In other words, this test showed that as Clupicker 5's 
performance degenerated it probably had little affect on the other Original 
Clupickers (4 and 6). 

Final Data Evaluation 
The test team now had the following information: 

1. Data showing that the initial Loader setup was reasonably good 
(Appendix F). 

2. Data comparing the performance of the Original Clupickers to the 
Modified Clupickers over a broad range of continuously changing 
fabrics (Appendix G). 

3. Data showing that Clupicker 5's performance had deteriorated 
during the experiment, and that mispicks caused by Clupicker 5 
should not be considered in the final Clupicker performance 
evaluation (Appendix H). 

4. Data showing that Clupicker 5's poor performance had little if any 
affect on the other Original Clupickers (Appendix H). 

Data Evaluation - No Correction Factors 
All of the data collected in the pre- and post-experimental tests was 
collected to ensure that the Modified Clupickers were not given a 
performance edge over the Original Clupickers.   The original experimental 
design had ensured that testing was unbiased, but as discussed, the 
original experiment was based on a number of assumptions which, though 
reasonable at the time, proved insupportable. In the end, all of the data 
collected could be used to provide correction factors favoring the 
performance of the Original Clupickers, however. 

Without any correction factors, the Clupicker performance data of 
Appendix G and Table 2-5 could be condensed into the following table: 
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Table 2-6:  Clupicker Performance Data 
(Derived from Appendix G) 

No Correction Factors 
2,760 Plies Processed/Clupicker Group 

Clupicker 
#'s 

Mispicks Doublepicks Total 
Pick 

Errors 

Individual 
Picker 

Performance 

Group Picker 
Performance 
See Table 2-5 

Original 
6 53 11 64 97.68 

94.02B 
5 18 38 56 97.97 
4 74 20 94 96.59 

Individual Clupicker Performance Average 97.41A 97.97 u 

No Correction Factors 97.41 97.97 

Modified 
3 17 6 23 99.17 

97.72B 2 45 12 57 97.93 
1 25 4 29 98.95 

Individual Clupicker Performance Average 98.68 A                99.23 u 

Looking at the Total Pick Errors for the individual Clupickers one could 
conclude that the Original Clupicker design had 214 mispicks out of 2,760 
plies. This equates to a 92.25%2,8 picking performance. Using the same 
logic one might also conclude that the Modified Clupickers had a 
performance rating of 96.05% .  These performance ratings are misleading, 
however.  The reason these performance ratings are misleading is that they 
are actually the performance ratings of the three Original Clupickers 
combined, not the average performance ratings of the individual 
Clupickers. 

A To calculate the average performance rating of a single type of Clupicker 
one must first calculate the picking performance of each individual 
Clupicker, of a specific type, and then average the results together. Using 
this approach Clupicker 6's average performance w.as calculated as 
follows: 

Clupicker Performance Picker 6 = 
2,760 plies picked - 64 plies ^^ 

2,760 plies picked 

0.9768 

97.68% (2.1) 
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Performing the same calculation for the other Clupickers yields: 
Clupicker 5 = 97.97%, Clupicker 4 = 96.59%, Clupicker 3 = 99.17%, Clupicker 
2 = 97.93%, and Clupicker 1 = 98.95%. Averaging the Original Clupicker 
performances gives a performance rating of 97.41% (below Dr. Clapp's 
99.5+% rating).  Averaging the Modified Clupicker performances gives a 
performance rating of 98.68% (also below Dr. Clapp's 99.9% rating, but not 
by much).  These average performance ratings are not conclusive, however, 
because there are other justifiable ways of looking at the data. 

B In collecting the mispick/doublepick data used in the above calculations (A) 
it was assumed that the Clupickers had no influence on each other.  For 
example, if Clupicker 5 mispicked it was assumed to have no affect on 
Clupickers 4 and/or 6.  In experimental terms, it was assumed that during 
the picking process there were no interactions taking place between the 
individual Clupickers in the same group.   (No interactions could occur 
between the Original and Modified Clupicker groups because they were 
picking from separate bundles.) 

If one assumes interactions were taking place between the Clupickers 
within each group, the mispick data is slightly different.  For example, 
based on the assumption that there were strong interactions between the 
Clupickers, if Clupicker 5 and 6 mispicked one might assume that one of 
the mispicks was caused by the other mispick.  Based on this assumption, 
the two mispicks would only be counted as one mispick. 

Evaluating Appendix G on the assumption that strong device interactions 
were taking place yielded Table 2-5 (shown again for convenience). 

Table 2-5: Summary of Table 2-1 through 2-4 
2,760 Plies Processed/Clupicker Group 

Clupicker #'s Mispicks Doublepicks Individual 
Picker Errors 

Group Picker 
Errors 

Original 
6 53 11 64 

165 5 18 38 56 
4 74 20 94 

Totals 214 165 

Modified 
3 17 6 23 

63 2 45 12 57 
1 25 4 29 

Totals 109 63 
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Note the difference between the total number of individual picker errors, 
and the total number of group picker errors.  The differences are a direct 
consequence of the assumption that for individual pickers no device 
interactions are taking place, while under the group picker heading strong 
interactions are taking place. 

Using the total number of group picker errors as a starting point, the group 
picker performance is calculated as follows: 

2,760 plies picked -165 plies mispicked 

Original Clupicker Performance Group = 
2,760 plies picked 

= 0.9402 

= 94.02% (2.2) 

Using the same approach on the Modified Clupicker group data yields a 
Modified Clupicker group performance of 97.72%. 

c To calculate individual Clupicker performances from the group picker 
data requires working backwards from the group performance data.   Using 
the Original Clupicker group performance value of 94.02%, the calculation 
is as follows: 

Clupicker PerformanceIndividual = (Clupicker PerformanceGroup)1/3 

= (0.9402)0333 

= 0.9797 

= 97.97% (2.3) 

To verify that this calculation is reasonable, calculate the Original 
Clupicker group performance from the Original Clupicker individual 
performance using the following equation: 

Clupicker PerformanceGroup  =  (Clupicker PerformanceIndividual)
3     (2.4) 
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The reason the individual Clupicker performance value is raised to the 
power of three (3) is that the group Clupicker performance is the product of 
all of the individual Clupicker performances within the group, in this case 
three (3) Clupickers. 

To calculate the individual Modified Clupicker performance use Equation 
2.3 with the Modified Clupicker group performance value of 97.72%. 
Equation 2.3 yields an individual Modified Clupicker performance value of 
99.23%. 

Data Evaluation - With Correction Factors 
As discussed in detail at the beginning of this report, experimental 
assumptions can make or break an experiment.  Although not explicitly- 
stated, all the results calculated above, assume that at the start of the 
experiment all of the Clupickers were performing equally well.  Appendix F 
clearly shows that the Modified Clupickers were picking white oxford cloth 
better than the Original Clupickers and, as a result, might have had a 
performance advantage. 

The results also assume that for the duration of the experiment the picker 
performances did not degrade.  Appendix H shows that Clupicker 5's 
performance degraded substantially.   Averaging Clupicker 5's poor 
performance in with the other Original Clupickers lowers the Original 
Clupicker's performance rating. 

The individual Clupicker performance values and the group Clupicker 
performance values also assume no Clupicker interactions, and strong 
Clupicker interaction, respectively.  Appendix H seems to support the 
hypothesis that no Clupicker interactions were taking place, but no tests 
were done to see whether the failure of two pickers within a Clupicker 
group led to mispicks of the third picker within the group.  In other words, 
no experiments were done to determine if weak interactions exist between 
the Clupickers within a group. 

Addressing the issue of weak Clupicker interaction may not be worthwhile, 
however.  The reason for this is that Clupicker interaction is most likely a 
function of the distances separating Clupickers within a group, and a 
function of the weight of the individual plies being picked.  Since these 
parameters are affected by the dimensions of the fabric pieces being picked, 
weak interactions are sensitive not only to fabric type, which is hard to 
quantify, but piece shape as well. 

As mentioned in the "Experimental Setup" section of this document, the 
Original Clupickers were so closely spaced that during normal 
demonstration and production runs, no significant performance problems 
were detected.  In the actual experiment, the Clupickers were spaced 
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further apart, but Appendix H shows that even with Clupicker 5 turned off, 
Clupickers 4 and 6 performed adequately.  If the Clupickers within each 
group had been spaced even farther apart, and heavier plies had been used 
(for example if three Clupickers had been used to pick large shirt fronts 
instead of short shirt sleeves) it is likely that device interactions would have 
come into play. 

The issue of device interactions will be left to future exploration, however. 
Suffice it to say, the data presented above covers the two extreme cases, that 
of no Clupicker interactions (based on individual Clupicker performances) 
and that of strong Clupicker interactions (based on group Clupicker 
performances).  The data presented in the next sections will address other 
experimental assumptions. 

Correction Factor 1 
Another way of looking at the original data is as follows: 

Table 2-7:  Clupicker Performance Data 
With Pre-experimental Correction0 

(i.e. Correction Factor 1, Derived from Appendix F) 
2,760 Plies Processed/Clupicker Group 

Clupicker 
#'s 

Mispicks Doublepicks Total 
Pick 

Errors 

Individual 
Picker 

Performance 

Group Picker 
Performance 
See Table 2-5 

Original 
6 53 11 64 97.68 

94.02 5 18 38 56 97.97 
4 74 20 94 96.59 

Individual Clupicker Performance Average 97.41 97.97 
Correction Factor = 1.001* 97.51* 98.06u 

Modified 
3 17 6 23 99.17 

97.72 2 45 12 57 97.93 
1 25 4 29 98.95 

Individual Clupicker Performance Average 98.68                     99.23 

D This data makes the same assumptions that were made in Table 2-6 
except this data accounts for the fact that at the start of the experiment the 
Original Clupickers were not picking white oxford cloth as well as the 
Modified Clupickers.  White oxford cloth was chosen as a benchmark fabric 
because it is reasonably representative of shirting materials in general. 
While this assumption is contestable, it would be difficult to provide a 
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justifiably better alternative, and the calibration test had to start 
somewhere. 

Assuming then, that white oxford cloth was a good calibration material, 
and that the Clupickers' individual performances were not affected by the 
other Clupickers, Appendix F implies that at the start of the experiment 
Clupicker 6 had one mispick in 1000 plies which equals a performance of 
99.9%. The same holds true for Clupickers 5 and 4. This gives the Original 
Clupickers an individual performance average of 99.9%.  Clupickers 3, 2, 
and 1 had 100% performance levels giving the Modified Clupickers an 
individual performance average of 100%. 

While these performance averages are obviously high, they are high 
because they do not represent Clupicker performance for all fabrics.  These 
performance averages represent the performance of the Clupickers on a 
small sample of fabric (1000 plies of white oxford cloth). Again, white oxford 
cloth was selected because it is difficult to provide a justifiably better 
alternative to represent the larger population of shirting fabrics in general, 
and because the pre-experimental correction had to start somewhere. 

E Using the Original Clupicker performance from Appendix F, the 
following calculation can be used to determine a calibration factor: 

Correction Factor = (Clupicker Performance original) * 

= (99.90%)'1 

= (0.9990)'x 

= 1.001 (2.5) 

By using this correction factor (called Correction Factor 1, or C.F. 1) the 
Original Clupicker performance at the start of the experiment can be made 
to match the Modified Clupicker performance at the start of the experiment. 

Clupicker Performance Modified = Clupicker Performance 0riginal x C.F. 1 

100%   = 99.90% x 1.001 

100%   = 100%    V (2.6) 

FG Using Equation 2.6 and substituting individual Clupicker performance 
averages based on individual and group performance values yields a 
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corrected Original Clupicker Performance of 97.51% and a corrected 
Modified Clupicker Performance of 98.06%. 

At this point it is important to note the following: 

1. Correction Factor 1 was derived from individual Clupicker 
performance data, not from group Clupicker performance 
data. Appendix F shows that during the calibration test 
none of the Clupickers mispicked simultaneously so the 
individual and group performance data would have been the 
same anyway. 

2. Since an underlying concern at the start of the experiment 
was that the Original Clupickers were at a disadvantage to 
the Modified Clupickers, Correction Factor 1 favors the 
Original Clupickers. 

Correction Factor 2 
Correction Factor 1 takes into account the fact the at the start of the 
experiment the Original Clupickers were not picking as well as the 
Modified Clupickers.  Correction Factor 2 takes into account the fact that 
during the experiment Clupicker 5's performance degraded.   Correction 
Factor 2 was derived from the test results shown in Appendix H. 

Appendix H clearly shows that, following the actual experiment, Clupicker 
5's performance was well below its performance level before the experiment 
(as shown in Appendix F).  To test whether Clupicker 5's poor performance 
had any affect on Clupickers 4 and 6, Clupicker 5 was turned off, and 
Clupickers 4 and 6 were made to repick the same material used to obtain 
the data in Appendix H test. The results of the test are shown in Appendix 
H - Test 2, and are discussed in the "Post-experimental Calibration-Test B" 
section presented earlier in this document. 

As a result of these tests, the test team decided to exclude all data 
pertaining to Clupicker 5 from the experimental results shown in Table 2-5. 
The resulting table (Table 2-8) is shown on the next page. 
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Table 2-8: Similar to Table 2-5 
Minus The Influence of Clupicker 5 

2,760 Plies Processed/Clupicker Group 
Clupicker #'s Mispicks Doublepicks Individual 

Picker Errors 
Group Picker 

Errors 

Original 
6 53 11 64 

109 5 —• — — 

4 74 20 94 
Totals 158 109 

Modified 
3 17 6 23 

63 2 45 12 57 
1 25 4 29 

Totals 109 63 

Using Equations 2.1 through 2.4, Table 2-8 can be converted into Table 2-9, 
below: 

Table 2-9:  Clupicker Performance Data 
With Post-experimental Correction 

(i.e. Correction Factor 2, Derived from Appendix H) 
2,760 Plies Processed/Clupicker Group 

Clupicker 
#'s 

Mispicks Doublepicks Total 
Pick 

Errors 

Individual 
Picker 

Performance 

Group Picker 
Performance 
See Table 2-8 

Original 
6 53 11 64 97.68 

96.05 5 — — — — 

4 74 20 94 96.59 
Individual Clupicker Performance 

without any Correction Factors 
(From Table 2-6) 

97,41 97.97 

Individual Clupicker Performance 
with Correction Factor 2 

97.14 98.67 

Modified 
3 17 6 23 99.17 

97.72 2 45 12 57 97.93 
1 25 4 29 98.95 

Individual Clupicker Performance Average 98.68                     99.23 
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In light of the individual Original Clupicker performance values calculated 
using Correction Factor 2, it is difficult to say whether Clupicker 5's 
performance did indeed degenerated over the course of the experiment. 
Assuming no device interactions, the individual Clupicker performance 
calculated without correction factors is higher (97.41%) than the individual 
Clupicker performance calculated with Correction Factor 2 (97.14%).  This 
implies that Clupicker 5's performance was not poor at all.  On the other 
hand, assuming device interactions were taking place, the individual 
Clupicker performance calculated without correction factors is lower 
(97.97%) than the individual Clupicker performance calculated with 
Correction Factor 2 (98.67%). 

This puzzle will be left alone since the purpose of the data analysis was to 
ensure that the Modified Clupickers did not have an unfair performance 
advantage over the Original Clupickers.  As long as the maximum Original 
Clupicker values are used, any subsequent performance comparisons will 
be conservative.  Conservative results ensure that if performance variations 
do appear, it can be assumed that performance variations do exist. 

Correction Factors 1+2 
To ensure that the Modified Clupickers had no unfair advantage over the 
Original Clupicker, Table 2-10 (on the next page) was constructed applying 
Correction Factors 1 and 2. 
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Table 2-10: Clupicker Performance Data (Based on Table 2-9) 
With Pre- and Post-experimental Correction 

2,760 Plies Processed/Clupicker Group 
Clupicker 

#'s 
Mispicks Doublepicks Total 

Pick 
Errors 

Individual 
Picker 

Performance 

Group Picker 
Performance 

Original 
6 53 11 64 97.68 

96.05 5 — — — — 

4 74 20 94 96.59 
Individual Clupicker Performance 

without any Correction Factors 
(From Table 2-6) 

97.41 97.97 

Individual Clupicker Performance 
with Correction Factors 1 and 2 

97.23 98.76 

Modified 
3 17 6 23 99.17 

97.72 2 45 12 57 97.93 
1 25 4 29 98.95 

Individual Clupicker Performance Average 98.68                     99.23 

Data Evaluation - Summary 
The following table condenses all of the information from Tables 2-6, 2-7, 
2-9, and 2-10. 

Table 2-11:  Clupicker Performance Data Summary 
(See Tables 2-6, -7, -9, and -10) 

Clupicker Type Correction 
Factors 

Individual Picker Performance 
No Clupicker 
Interaction 

Strong Clupicker 
Interaction 

Original None 97.41 97.97 
1 97.51* . 98.06 
2 97.14 98.67 

land 2 97.23 98.76 

Modified None 98.68 99.23 
* Values in bold are the highest values for each Clupicker type. 

From Table 2-11 one can conclude that regardless of whether correction 
factors are applied or whether device interactions are present or not: 
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For shirting fabrics in general, the Modified Clupickers 
consistently outperform the Original Clupickers. 

Remaining  Questions 
Several key questions remain to be answered, however. 

1. Are the performance improvements shown above sufficient 
to justify replacing Original Clupickers with Modified 
Clupickers? 

2. Are the Clupicker performances, shown above, sufficient to 
justify investing in Clupicker technology at all? 

3. What other factors influence the decision to replace the 
Original Clupickers with the Modified Clupickers? 

4. Are there other factors which have a greater influence on 
Clupicker performance than the features incorporated into 
the Modified Clupicker? 

5. Are there other improvements which could make the 
Loader/Clupicker technology better, i.e. more financially 
attractive? 

These questions are answered at the end of Chapter 4. 
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Chapter 3 - Production Model of a Jet Sew Hemmer 

Need for a Time-based Production Model 
Answering the questions raised at the end of Chapter 2 requires conducting 
a cost analysis based on the Clupicker performance levels.  Completing a 
comprehensive cost analysis requires understanding how Clupickers affect 
manufacturing.   Before one can determine how Clupickers affect 
manufacturing, however, one must first understand how Clupickers affect 
their related manufacturing operation. 

Clupickers are subcomponents of Jet Sew Loaders.  In many shirt 
manufacturing facilities (including CAR) Jet Sew 5000 Class Automatic 
Loaders are attached to Jet Sew Centerplaite/Sleeve Hemmers. The 
Clupickers only pick when the Hemmers ask the Loaders for more parts. 
This means that the action of the Clupickers is governed by the Hemmers. 

According to Charlotte Pierce, who is responsible for CAR's Demo Floor 
operations, the Jet Sew Automatic Hemmer, sewing 12 stitches per inch 
and running continuously and flawlessly, can process 4,500 medium men's 
right fronts in eight hours.   This means the Hemmer can process 
approximately one front every 6.5 seconds.  Clupickers alone can be made to 
cycle much faster than once every six seconds, and Loaders can be made to 
cycle faster as well. The key is to recognize that the Hemmer sets the pace 
at which the Clupickers operate.  Therefore, to understand how Clupickers 
affect manufacturing, one must understand how Jet Sew Hemmers fits into 
apparel manufacturing environments. 

All manufacturing (including apparel) takes time.   Manufacturing time 
can be broken into three distinct categories:  direct labor, machine, and 
indirect labor.  The direct labor time, machine time, and indirect labor time 
is spent performing direct labor, machine, and indirect labor operations, 
respectively.   To understand how much time a manufacturing operation 
takes, one must first understand what direct labor, machine, and indirect 
labor operations are involved and how these operations are interrelated.  In 
other words, one must develop a time-based production model. To develop a 
time-based production model one must map the manufacturing operation's 
critical production-time-path. 

Basic Jet Sew Hemmer Critical Production-time-path 
A critical production-time-path is made up of the critical operations 
necessary for maintaining production.   For example, if a Hemmer asks for 
a part and the Loader is unable to comply, the Hemmer will stop. To extend 
the example further, suppose the Loader was unable to comply because the 
Clupickers mispicked.   If the Hemmer stops, production stops, and 
production time is lost forever.  It is therefore imperative that the Hemmer 
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be started immediately. To start the Hemmer requires fixing the mispick 
condition.  It is therefore critical that time is spent correcting the mispick 
condition.  The time spent correcting the mispick is part of the critical 
production-time-path. 

Critical production-time-paths show each critical operation, the 
relationship between the critical operations, and how much time each 
critical operation fills during a typical work day.  To determine the critical 
production-time-path of a Jet Sew Hemmer, one must first develop a simple 
model based on a small block of production time.  Figure 3-1 is such a 
model. 

Figure 3-1: Critical Production-time-path of a Jet Sew Hemmer - Step 1 
Time Critical Direct 

Labor 
Operations 

Critical 
Machine 

Operations 

Critical 
Indirect Labor 

Operations 

Critical Time 
Breakdown 

t. Setup Servicing 

t, Load Servicing 

t* Pick Producing 

t4 Mispick Processing 

ts Fix Mispick 

I 
Servicing 

tff Repick Producing 

h Load Servicing 

t» Pick Producing 

% 
Mispick Processing 

ho Fix Mispick 

L  
Servicing 

til Repick Producing 

:  *      * *     *     *     *     * *     *     *   etc.   > !:**** $;         *         #         *         *    ! 

In Figure 3-1 each block represents a block of time. Obviously the amount of 
time required to load plies for processing on the Jet Sew Hemmer will be 
less than the amount of time required to pick the plies. If the relative 
amounts of time were known, the blocks would be sized accordingly.  In this 
example, the Load block would be much smaller than the Pick block.  Since 
the relative times are not known (yet) this model just serves as a simple 
start. 
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There are several points worth noting, however: 

1. The blocks of time shown are only the critical blocks. 
Unfilled blocks can be used to perform other operations.  For 
example, while Direct Labor is loading the Hemmer, the 
Hemmer must wait, but nothing prevents Indirect Labor (in 
this case a mechanic) from servicing other machines. 

2. Along the same lines, Direct Labor must repair and replace 
some fabric plies damaged by the Hemmer, but these 
operations can be performed while the Hemmer is picking 
and repicking. 

3. The only operations which produce product are the Pick 
and Repick operations.   It is therefore critical that the time 
spent performing these operations is maximized while the 
time spent on all the other operations is kept to a minimum. 

Condensed Jet Sew Hemmer Critical Production-time-path 
Figure 3-1 tracks time on a small scale.  Figure 3-1 can be condensed to 
track time on a larger scale.  Figure 3-2 represents a condensed version of 
Figure 3-1. 

Figure 3-2: Critical Production-time-path of a Jet Sew Hemmer - Step 2 
Time Critical Direct 

Labor 
Operations 

Critical 
Machine 

Operations 

Critical 
Indirect Labor 

Operations 

Critical Time 
Breakdown 

t, Setup Servicing 

*a Load 

• 

Servicing 

*B 

t4 
Pick Producing 

tR 

*» Mispick Processing 

*7 

tfi Fix Mispicks Servicing 

t, 
tm Repick Producing 

tu 
!#####*****   etc.   *****#****] 
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Note that: 

1. The time spent by Indirect Labor for setup has not changed. 

2. The blocks of time for the other operations have been 
combined, but the total time spent on each operation has not 
changed. 

3. The total amount of time represented by Figure 3-2 is the 
same as the total amount of time represented by Figure 3-1. 
In simpler terms, Figure 3-2 is the same size as Figure 3-1. 

Condensed and Refined Jet Sew Hemmer Production Model 
Having established a method for condensing each event during a 
Hemmer's work day, the next step is to generate a completely condensed 
and refined version of the Hemmer's daily critical time-path. The 
completely condensed version is shown as Figure 3-3 on the next page. 

To give the reader a feel for relative times, each block represents ten (10) 
minutes. For example, an operation that takes a total often (10) minutes 
per day will span one block. An operation that takes a total of twenty (20) 
minutes per day will span two blocks. 
The reader should note that: 

1. The times shown are approximate. 

2. The exact times were calculated using the AMCIA 
Worksheets (described in Appendix Q) and the Time Check 
Worksheets (presented in the next section). 

3. The Hemmer production environment modeled required 
only one Hemmer setup per day. 

4. Other Hemmer production environments are modeled later 
in this paper (see Appendix M). 
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Critical Production Time Path of a Jet Sew Hemmer - Step 3 
(Based on Scenario 01.b from Appendix M) 

Time 
(min.) 
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Figure 3-3:  Critical Production-time-path of a Jet Sew Hemmer 
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The refined time-path, shown in Figure 3-3, forms the backbone of a 
Hemmer production model for one particular production environment, 
Scenario Ol.b as outlined in Appendix M.  Other models for different 
production environments are also based on Appendix M.   Such Hemmer 
production models can be used to calculate the production impact of any 
change that affects Hemmer performance.  The main change of interest in 
this document is the upgrade from Original Clupickers to Modified 
Clupickers, but other changes will be considered as well. 

Checking the Jet Sew Hemmer Production Model 
To ensure that financial calculations based on Figure 3-3 are accurate, a 
simple check can be carried out. The only time when Figure 3-3 will not be 
accurate is when the critical production-time-path changes.   Under normal 
circumstances, the only time the critical time-path would change is when 
the Jet Sew Hemmer produced more errors than direct labor can fix. 

For example, supposed the Hemmer produces a lot of defective parts.  As 
long as there is no interference with the critical time-path, good 
management will instruct direct labor to repair and/or replace these parts. 
If direct labor's efforts to repair and replaced parts interferes with the 
Hemmer's performance (i.e. has an impact on the critical time-path) 
production time is permanently lost.  The amount of production time lost 
does not depend on the Hemmer performance; the production time lost 
depends on direct labor's performance.   In other words, if the Hemmer 
produces more defective parts that direct labor has time to repair, the 
critical time-path shifts towards direct labor, and Figure 3-3 becomes 
inaccurate.   So, before conducting extensive financial calculations based on 
Figure 3-3 it is necessary to check that Figure 3-3 is accurate. 

To check that Figure 3-3 is accurate the following equation is used: 

Time Critical Production > Time Repair + Time Replace (3.1) 

This equation suggests that the time required to repair and replace 
defective product must be less than or equal to the Jet Sew Hemmer's 
critical production time.  If Equation 3.1 is not true, then the production 
bottleneck has shifted from the Jet Sew Hemmer, to the person responsible 
for conducting the repairs, and Figure 3-3 is invalid as a production model. 
To solve Equation 3.1 it is necessary to develop an expression for 
1 lme criticai Production • 

Using Figure 3-3 it is easy to see that direct labor can be used to conduct 
repairs only after direct labor has completed loading plies and fixing 
mispick conditions.   (Here mispick conditions refers to machine stoppages 
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due to mispicks and not production errors due to mispicks.) Also, direct 
labor can only process plies when the Hemmer is running.  Since the 
Hemmer cannot be running during setup, the block of time allotted for 
machine setup cannot be used by direct labor to repair and replace 
mispicked plies.  So, one possible expression for Time Critical Production is 

TimeCriticalProduction = TimePick + Time Mispick + Time Repick (3.2) 

But Equation 3.2 overlooks the fact that if the last ply processed by the 
Hemmer is damaged beyond repair, an additional 15 minutes will be 
required to replace and repick the replaced ply (see the Quality Related 
Costs Worksheet, Equation Q.R.C. 27. Since the entire Hemming process 
would have to wait for the ply to be replaced, the 15 minute wait would be 
time taken away from processing.   In other words 

Time CriticalProduction = Time Pick  + Time Mispick + Time Repick - 15 min. 

(3.3)* 

* This equation is presented in bold italics because it is one of the critical 
equations involved in the Clupicker Programs listed in Appendix J.  The 
programs are closely linked to Chapter 4 and Appendix I. 

From Equation 3. 3 it is possible to infer that the last 15 minutes of a 
processing run are critical to the Hemmer's performance.   If the Hemmer 
has 15 minutes of plies left to pick (approximately 140 plies), and it proceeds 
to irreparably damage all of those plies, direct labor will have to spend a 
great deal of time to replace the damaged plies.  That time takes away from 
the Hemmer's production time and dramatically affects Hemmer 
efficiency. 

While the chances of such serious damage occurring are small, the 
chances of some damage occurring are very real.  Accounting for the 
affects of damage in the last 15 minutes of a production run makes the 
critical time-path calculation much more complicated, however.   To prevent 
the cost analysis from become unmanageable, the test team decided to stick 
with Equation 3.3 by assuming that extra vigilance in the last 15 minutes of 
production would minimize the production bottlenecks associated with last 
minute repairs and replacements. 
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Having decided to keep Equation 3.3 the next step involves calculating 
Time Pick, Time Mispick, and Time Repick.  To calculate values, the following 
equations can be used: 

Time Pick 

TimePick =   x Production Actual (3.4) 

Time 1^^^ 
Time Mispick =   x Production ActuaI (3.5) 

Ply (1 - %) 

and 

Time Repick 
Time Repick =   x Production Actual (3.6) 

Piy(i.%) 

Using calculations from the Direct Labor Worksheet (located in the 
Appendix I), Equation 3.4 can be solved using Equations D.L. 11 and D.L. 25. 
Equation 3.5 can be solved using Equations D.L. 14 and D.L. 25, and Equation 
3.4 can be solved using Equations D.L. 19 and D.L. 25. 

Solving Equations 3.4 through 3.6 allows Equation 3.3 to be solved. Solving 
Equation 3.3 is the equivalent of solving the left-hand-side of Equation 3.1. 
All that remains to completely solve Equation 3.1 are expressions for the 
components in the right-hand-side of Equation 3.1. 

Using calculations described in the Quality Related Costs Worksheet 
(located in Appendix I), the time spent repairing damaged plies can be 
expressed as 

# Repairs Time 
TimeRepair   =       X     r3<7;*(see next page) 

Work Day Repair 

where the number of repairs per work day equals Equation Q.R.C. 12 and 
the time per repair equals Equation Q.R.C. 13. 
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The Quality Related Costs Worksheet can also be used to solve the equation 

# Scrapped Pieces Time 
Time Replace *       (3.8)* 

Work Day Replacement 

where the number of scrapped pieces per work day equals Equation Q.R.C. 
26 and the time per replacement equals Equation Q.R.C. 27. 

* These equations are presented in bold italics because they are critical 
equations involved in the Clupicker Programs listed in Appendix J. The 
programs are closely linked to Chapter 4 and Appendix I. 

With expressions for all of the variable listed in Equation 3.1 resolved, it is 
now possible to solve Equation 3.1. Solving Equation 3.1 using the Worksheet 
examples yields 

Time Critical Production > Time Repair + Time Replace (3.1) 

403 minutes > 68 minutes      V (3.9) 

It is left as an exercise for the reader to verify Equation 3.9 using Appendix 
I and the Clupicker Program information in Appendix J. 

Assuming 3.9 is correct, the Hemmer production model, represented by 
Figure 3-3, is also correct. Knowing that Figure 3-3 is valid, it is now 
possible to conduct a detailed cost analysis to determine how Clupicker 
performance affects Jet Sew Hemmer performance and subsequent 
manufacturing output. 
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Chapter 4 - Clupicker Cost Analysis 

Background Discussion 
The "Final Data Evaluation" section in Chapter 2 shows that the Modified 
Clupickers performed better than the Original Clupickers.  But, just 
because a machine performs well physically does not mean it performs well 
financially.  For any machine to be successful, it must pay for itself. 
Determining if a machine will pay for itself is difficult.  Determining if a 
sub-component of a machine will pay for itself is even more difficult.  Since 
Clupickers are parts of Jet Sew Loaders, there are any number of 
investment scenarios which affect a company's   decision to purchase 
Modified Clupickers. 

If, for example, a company has already decided to purchase its first Jet Sew 
Loader (shirt front, sleeve, pocket, or otherwise) the decision to purchase 
Modified Clupickers is simple.  Since the Modified Clupickers work better 
than the Original Clupickers without costing any more, why would the 
company buy the Original Clupickers?4'1  If, however, a company already 
has a Jet Sew Loader equipped with Original Clupickers, the company may 
not be willing to spend the money to replace the Original Clupicker with the 
Modified Clupickers.  If, on the other hand, a company has no Jet Sew 
Loaders at all, the decision to buy the Modified Clupickers is based on the 
decision to buy a Loader.  If the overall Loader performance in not good 
enough to justify its expense, the individual Clupicker performances will 
have no affect on the purchase decision.  In other words, if something 
makes the Loader performance go down more than the Modified Clupicker 
makes the Loader performance go up, the Modified Clupicker has little 
impact on the Loader purchase decision. 

It should be obvious that in a majority of cases, the decision to purchase 
Modified Clupickers is closely linked to the decision to purchase Jet Sew 
Loaders.  What is not immediately clear is that the decision to purchase 
Loaders is affected by the performance of the machines the Loaders are 
connected to.  Since Jet Sew offers a number of Loaders and since these 
Loaders are connected to a variety of different Jet Sew processing machines, 
the test team decided to limit the Clupicker cost analysis to just one type of 
Jet Sew loader (the Jet Sew 5001 Automatic Front Loader) and one piece of 
Jet Sew processing equipment (the Jet Sew 2261 Centerplaite/Sleeve 
Hemmer).  This decision forms the basis of all of the cost analysis 
preparation that has taken place up to this point. 
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Review 
By way of a summary, the steps taken in preparation for a Clupicker cost 
analysis have been: 

1. The individual Clupicker performance ratings were 
determined.  This was done in Chapter 2. 

2. The device which limits the Clupicker cycling times was 
identified. In Chapter 3 it was shown that the Clupicker 
processing speed is limited by the Jet Sew Hemmer. 

3. The way Jet Sew Hemmers fit into apparel manufacturing 
environments was modeled.  In Chapter 3 a Jet Sew Hemmer 
critical production time-path was determined. 

4. Time-based information was added to the critical time path. 
The result was a production model for the Jet Sew Hemmer 
(Figure 3-3). Remember, that Figure 3-3 only applies to one 
particular manufacturing scenario, however. 

5. The basic validity of the production model was checked.  This 
was done in the last section of Chapter 3. 

Remaining  Objectives 
The remaining portion of this document will be spent: 

1. Determining initial assumptions for all subsequent financial 
analyses. 

2. Determining the initial production scenarios to be modeled. 

3. Using CAR's AMCIA program to convert the single 
production model represented by Figure 3-3 into a financial 
model. 

4. Distilling the financial model into a well documented 
calculation sequence. 

5. Using the calculation sequence to evaluate the initial 
production scenarios selected (and any other production 
scenarios of interest). 

6. Condensing the information from the initial production 
scenarios into graphs. 

7. Looking at the graphs to see if legitimate answers can be found 
to the questions at the end of Chapter 2 and to see if any 
additional analyses are required. 

8. If necessary, repeating the entire process starting with Step 5 
until all of the Chapter 2 questions have been answered. 
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Initial Assumptions 
To ensure that all of the financial models share the same basic starting 
point, a number of initial assumptions were made. 

1. The manufacturing facilities being modeled make dress shirts. 

2. The facilities already own at least one Jet Sew 5001 Automatic 
Front Loader. 

3. Each Loader is attached to a Jet Sew 2621 Hemmer. 

4. Each Loader has six Clupickers. 

5. The facilities are interested in upgrading the Front Loader's 
Clupickers from the Original Clupickers to the Modified 
Clupickers. 

6. Each Modified Clupicker costs $2000. 

7. The facilities use their Clupickers to automatically pick and 
hem men's, dress-shirt, right fronts only*. 

8. A Hemmer running continuously without error, is capable of 
processing 4,500 right fronts in eight hours. 

9. Production < 4,500 shirts/day implies the need for six 
Clupickers, one Loader, and one Hemmer. 

10. The manufacturing facilities are capable of utilizing the full 
production capacity of Hemmers equipped with Modified 
Clupickers. 

11. A dress shirt takes approximately 15 minutes of direct labor to 
complete. 

12. Dress shirts are sewn with twelve stitches per inch. 

13. All plant employees are paid flat hourly wages. 

14. Operators and mechanics earn the same amount. 

15. A work day had eight hours. 

16. A work week had five days. 

17. A work year had 49 weeks. 

* According to Elroy Pierce, who used to work for Oxford Industries, most 
shirt manufacturers only use the Jet Sew Hemmers to hem mens', dress- 
shirt, right fronts.  There are a number of reason for this. 
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1. The margin and demand for quality mens' dress shirts are 
high enough for medium to large manufacturers to justify the 
purchase of Jet Sew Hemmers. 

2. Traditionally the right fronts of men's shirts are hidden by the 
centerplaite.  (This is probably because most men are right 
handed and it is easier to fasten the shirt buttons with the right 
hand).  According to Elroy, left fronts can have a maximum 
variation of 1/4 inch while right fronts, which are hidden, can 
have variations of up to 1/2 and inch. The error tolerance of the 
right fronts makes them ideal for use with the Jet Sew Loader 
because the right fronts can accommodate inaccuracies 
associated with the loader.  (Just for the record, during the 
Clupicker experiment, the Loader's positioning capabilities 
proved less than perfect.42) 

Initial Production Scenarios 
Recognizing that no single production model can apply to every company 
situation, CAR decided to evaluate a variety of production models.  (For a 
complete list of the production models see Appendix M.)  These production 
models represent a range of production scenarios.   The production 
scenarios are based on the following input variations: 

1. The Original versus Modified Clupicker performance ranges initially 
considered were 99.5% versus 99.9%, 97.51% vs. 98.68%, and 98.76% vs. 
99.23%. 

2. The facilities modeled used six Clupickers (i.e., had daily production 
less than or equal to 4,500 units). 

3. Hourly wages were $2.00, $4.00, $6.00, $8.00, and $10.00 per hour. 

4. Style changeovers occurred 1, 3, 6, 9, and 12 times per day. 

All of the above assumptions and ranges were used to provide input data in 
Dr. Steve Davis's Apparel Manufacturing Capital Investment Advisor 
(AMCIA) program version 3.1 written for Microsoft Excel version 4.0 and 
higher. 

Using AMCIA to Convert the Production Model into a Financial 
Model 
The Apparel Manufacturing Capital Investment Advisor (AMCIA) is a 
microcomputer program designed to help apparel manufacturers make 
technology purchase decisions.   AMCIA helps managers make informed 
purchase decisions by helping managers consider all the cash flows 
associated with the new technology.   AMCIA helps managers consider all 
cash flows by breaking up investment components into a series of 
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worksheets. These worksheets are listed below in the order they are 
displayed by the AMCIA program. 

1. Directions 

2. Company Data Sheet 

3. Investment, Installation, and Depreciation 

4. Old Equipment Sale 

5. Direct Labor 

6. Indirect Labor 

7. Materials 

8. Maintenance 

9. Quality Related Costs 

10. Inventory 

11. Fabric Utilization 

12. Miscellaneous 

13. Quality Revenues 

14. Response-time Revenues 

Each of the AMCIA worksheets is discussed in detail in Appendix I. 
The AMCIA analysis, presented in the worksheets, is related to the 
Hemmer production model, produced in Chapter 3, and uses all of 
the basic assumptions listed above.  In addition, the example AMCIA 
analysis assumes that Production Scenario Ol.b from Appendix M 
applies.  In other words, the plant being modeled has approximately 
100 employees earning $4.00 per hour, uses six Clupickers, and 
changes styles one time a day every working day of the year. 

Distilling the Financial Model into a Calculation Sequence 
The AMCIA worksheets in Appendix I show how complex it is to 
determine AMCIA input values.   Appendix M shows how many different 
input combinations needed evaluating. To ensure that all of the 
calculations were documented and tracked, CAR developed a step-by-step 
procedure for converting production scenario input values into well 
documented AMCIA output values.  The procedure was as follows: 

1.   All of the equations necessary for determining AMCIA input values 
were identified (see Appendix I). 
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2. The equations were incorporated into a program in order to 
minimize human keystroke related errors (see Appendix J).  The 
program was called the Clupicker Program and should not be 
confused with the AMCIA program. 

3. A large selection of production scenarios were outlined (see 
Appendix M).  The production scenarios provided the Clupicker 
Program input values, and the Clupicker Program, in turn, provided 
the AMCIA program input values. 

4. One by one each production scenario, with its own unique set of input 
values, was selected (see Appendix K for an example). 

5. The production scenario input values were entered into the Clupicker 
Program which generated the necessary AMCIA input values. 

6. In AMCIA the first part of the Direct Labor Worksheet was 
completed (again, refer to Appendix K for an example).  The 
Direct Labor Worksheet could not be completed until the 
AMCIA Company Data Sheet was completed, however (see 
Step 9 below). 

7. Next, the Quality Related Cost Worksheet was completed. 
Again, the Clupicker Program provided the necessary AMCIA 
input values. 

8. Chapter 3's equations were used to check that the amount of 
time available for production (Equation 3.3) was greater than 
the amount of time required for repairs and replacements 
(Equation 3.7 + Equation 3.8). Specifically, refer to the 
Clupicker Program's storage registers 42 and 43. 

9. The Company Data Sheet was completed. 

10. The Direct Labor Worksheet was now completed. 

11. The Investment, Installation, and Depreciation Worksheet was 
completed. 

12. The Indirect Labor Worksheet was completed. 

13. The outputs of each AMCIA worksheet were recorded (again, 
see Appendix K). 

14. All of the pertinent AMCIA outputs were collected and used to 
calculate the net present value of the selected scenario (see 
Appendix L for example). 

15. The net present values were entered into Appendix M next to 
their associated production scenarios. 

Note: The above procedure linked the production scenarios   to the 
Clupicker Program, the AMCIA program,  and the final net 
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present value calculations. The entire process is lengthy and 
complicated and the reader is strongly encouraged to read the 
"Calculation Sequence" presented at the start of Appendix J. 

Using the Calculation Sequence to Evaluate the Initial Production 
Scenarios 
Having developed a well defined and repeatable calculation sequence, each 
production scenario was evaluated (see Appendix M). 

Condensing the Production Scenario Information Into Graphs 
The graphs shown below were derived from the data listed in Appendix M. 

Graph 4-1: Scenario 01 
(99.50% versus 99.90%) 
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Graph 4-2: Scenario 02 
(97.51% versus 98.68%) 

Graph 4-3: Scenario 03 
(98.76% versus 99.23%) 
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General Observations Based on Graphs 4-1 through 4-3 

• Graph 4-1 shows that changes in hourly worker wages have little affect 
on the net present values associated with the purchase of six Modified 
Clupickers. 

• Graph 4-2 also supports this observation. 
• The worst case scenario, Scenario 03, is based on experimental data 

presented in Chapter 2. Scenario 03 clearly demonstrates that if 
manufacturing plants can make their production match the Hemmer 
output, the decision to purchase six Modified Clupickers is worth a 
minimum of $80,000, provided the number of daily setups does not exceed 
twelve. 

• Using just the data from Scenarios 01, 02, and 03, it is not possible to 
predict the net present values of other Clupicker performance scenarios. 

The process of determining the net present values shown in Graph 4-1 
through 4-2 was lengthy, and frankly no business would be willing to 
expend the time and effort to perform such a detailed analysis. 
Unfortunately, the data did not provide a means for quickly predicting net 
present values for other Clupicker performances scenarios. 

Additional Scenarios Evaluated in Order to Establish Trends 
To provide businesses with a tool for quickly making conservative estimates 
of the net present values associated with other Clupicker performance 
scenarios, CAR conducted additional scenario calculations (see Appendix 
N).  The additional scenarios (Scenarios 04 through 12) were used to 
construct "Clupicker Performance Models" which provide simple methods 
for calculating the net present value of a Clupicker and/or Hemmer 
purchases, avoiding the lengthy process associated with a complete 
AMCIA analysis.  (For more information on the models see Equations 4.19 
and 4.20.) 
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Graph 4-4 clearly shows that the data exhibits linear tendencies and seems 
to converge towards some point beyond the limits set in the graph. 
Linear regression analyses (see Appendix N) of the points shown in Graph 
4-4 produced the following equations (in the form y = mx + b) and the 
associated correlation coefficients (- 100% being perfect negative linear 
correlation): 

f(x)Scenario01 = (-1.0624593 x 105) x X + (2.3320450 x 106) (4.1) 
Rscenariooi = "0.9987966 * - 99.88% negative correlation 

f(x)scenariooi = <" 1-0621654 x 105) x X + (2.3318272 x 106) (4.1)R 

Rscenariooi = -0.9988082 ~ - 99.88% negative correlation 

f(x)Scenario02 = (-1.0780707 x 105) x X + (2.5293970 x 106) (4.2)R 

Rscenario02 = "0.99911724 - - 99.91% negative correlation 

f(x)Scenario03 = (-7.6628594 x 104) x X + (1.7238135 x 106) (4.3)R 

Rscenario03 = -0.9989276 - - 99.89% negative correlation 

«^Scenario 04   = ("8.0116119 x 104) X X + (1.7813951 x 106) (4.4) 

Rscenario04 = -0.9988683 - - 99.89% negative correlation 

f(x)Scenario05 = (- 1-7749724 x 105) x X + (3.9435991 x 106) (4.5) 
Rscenario05 = -0.9988499 « - 99.88% negative correlation 

f(x)Scenario06 = (-1.3539927 x 105) x X + (3.0009091 x 106) (4.6) 
Rscenario06 = "0.99884149 « - 99.88% negative correlation 

f(x)Scenario07 = (-1.3539927 x 105) x X + (3.0009091 x 106) (4.7) 
Rscenario07 = -0.99884149 « - 99.88% negative correlation 

R  As mentioned in Appendix M and again in Appendix O, the data 
generated in Scenarios 01, 02, and 03 were reevaluated in Appendix N 
(the superscript R implies revised).  The revised values were used to 
produce Graph 4-4 and Graphs 4-5 and 4-6 on the following pages. 
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(4.8) 

(4.9) 

(4.10) 

(4.11) 

(4.12) 

Using these equations for lines, it was possible to extend the lines shown in 
Graph 4-4 to see if the lines intersected at a common point. The resulting 
graph (Graph 4-5, below) gives a visual idea of the how the lines extended. 

Note: The legend shown in Graph 4-4 also applies to Graph 4-5. 
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Graph 4-5: Scenarios 01 through 12, Big-picture view 
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Graph 4-5 shows that around 23 setups, most of the scenario lines appear to 
intersect. A closer look at this area yielded the following graph. 

Note: The legend shown in Graph 4-4 also applies to Graph 4-6, below. 
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Graph 4-6: Scenarios 01 through 12, Close-up view 

Graph 4-6 shows that although the lines do not all intersect at one point, 
they do all cross the x-axis between 22 and 25 machine setups per day. So, 
what does all this mean? 

The fact that the various production scenarios exhibit a linear relationship 
between Setups per Day and Net Present Value (Graphs 4-4 and 4-5), and 
the fact that the scenarios group about 22 to 25 Machine Setups per Day 
(Graphs 4-5 and 4-6) imply that it should be possible to construct a 
conservative and simple (first order) model relating Clupicker 
performances to net present values. 
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Development of a First Order Model Relating Clupicker 
Performances to Net Present Values. 
Graph 4-7 below serves as the starting point for the development of a 
Clupicker performance model. 

■M    y-int. 

<D 

03 
> 
■4—» c 
CD 
</) 
0) 

0 

Scenario Line 

yi 

0 

0 x1 x-int. 

Number of Setups per Day 

Graph 4-7:  Basis for Clupicker Performance Model 

Graph 4-7 shows a Scenario Line.  The Scenario Line plots the relationship 
between Setups per Day and Net Present Value for a particular Clupicker 
production scenario.   (Specific examples of Scenario Lines can be seen in 
Graphs 4-4 through 4-7.) Finding the x- and y-intercepts associated with a 
particular Clupicker production scenario allows the Scenario Line to be 
plotted. With the Scenario Line plotted, the Net Present Value (yl) 
associated with a specific number of setups (xl) can be determined using 
the following mathematical relationship (based on Graph 4-7): 

'int. 

Yi = 
-^int. 

x (Xi) + y^. (4.13) 

Equation 4.13 is in the form 

y = mx + b     (the equation for a line) 
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where 

Yint. 
y = yx , m = -   , x = x1 , and b = y^ 

Solving Equation 4.13 requires relating Original and Modified Clupicker 
performances to yint and xint.  Relating Clupicker performances to the 
y-intercept (y^) was partially done in Equations 4.1R through 4.12 As 
mentioned earlier, Equations 4.1R through 4.12 are the results of linear 
regression analyses (see Appendix N.  This means that Equations 4.1R 

through 4.12 can be used to construct the y-intercept table shown in 
Appendix O.  A similar table can be constructed for the 
x-intercept values (again, see Appendix O). 

In Appendix O the key to developing a complete Clupicker Performance 
Model lies in determining the mathematical relationships between the 
Original and Modified Clupicker performances and the x- and y-intercepts. 
This is done using a statistical process called Multiple Regression 
Analysis.  Multiple Regression Analysis allows multiple input values to be 
related to one or more output values.  The relationship can be simple (first 
order, i.e., linear), or complex (second order and higher). 

As discussed earlier, the Clupicker Performance Model must be simple and 
fairly accurate if industry is going to use the model.  Therefore, the 
regression analysis must produce a first order model (linear) with two 
independent variables (Original Clupicker Performance and Modified 
Clupicker Performance).  The results of the x- and y-intercept multiple 
regression analyses are discussed in Appendix O.  For the sake of 
continued discussion, Appendix O produces the following equations: 

yint = (-1.5065226 x CP0riginal) + (2.5947051 x CPModified) -106.6092405 (O.l) 

= (-1.5065226) x [CP0riginaI - (1.7223141 x CPModified) + 70.7651120]       (4.14) 

R2 = 0.9232612 (implying fair linearity) 

and 

x^. = (-0.6522635 x CP0riginal) - (0.2517017 x CPModified) + 111.9543082 (0.2) 

= (-0.6522635) x [CP0riginal + (0.3858896 x CPModified) -171.6396950]       (4.15) 
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R2 = 0.996927 (implying good linearity) 

In both Equation 0.1 and Equation 0.2 

CP = Clupicker Performance (4.16) 

Now we finally have all the components needed to produce a mathematical 
equation which relates Original and Modified Clupicker Performances to 
Net Present value. Equation 4.13 states: 

Yint. 
y1 = -   x (Xl) + yint. (4.13) 

Rearranging yields 

(■-•■) 
Aint. 

71 = 7«*   I     - — +1      ) (4-17) 

To test the performance of Equation 4.17 versus AMCIA, Table 4-1 was 
constructed (see next page).  The x- and y-intercept values come from 
Appendix O's Fit Data. The NPVActual values come from Appendix N. 
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Table 4-1: Net Present Value Calculations 
(Equation 4.17 versus AMCIA Calculations) 
All Calculations Assume 6 Setups Per Day- 

Scenario y-intercept x-intercept NPVCa, 
($ x 10s) 

NPV    al 

($ x 10*) 
A% Error 

01 2.7028000 21.9090867 1.962614 1.668473 +17.6293533 
02 2.5352398 23.5141672 1.888335 1.859867 +1.5306471 
03 2.0791743 22.5604018 1.526212 1.246216 +22.4676942 
04 2.2675270 22.2706728 1.656627 1.281550 +29.2674496 
05 3.3054091 22.1699921 2.410846 2.835861 -14.9871591 
06 2.8952863 22.1299359 2.110299 2.155804 -2.1108134 
07 0.9950756 24.4699614 0.751085 0.991717 -24.2641802 
08 2.0832581 23.5659961 1.552852 1.530446 +1.4640177 
09 3.1714406 22.6620309 2.385726 2.578860 -7.4891231 
10 3.5897807 24.2182597 2.700424 2.361525 +14.3508538 
11 4.6779632 23.3142944 3.474076 3.777341 -8.0285312 
12 6.1844858 23.9665580 4.636207 4.362498 +6.2741347 

Mean Error +3.0087157 
Std. Dev. Error 15.8163438 

Clearly, Equation 4.17 is not perfect, but reducing Equation 4.17's output by 
20% (3% + 16% + additional 1%) yields a conservative first approximate of 
the Net Present Value associated with replacing Original Clupickers 
performing at one level, with Modified Clupickers performing at another 
level, assuming a specified number of setups per day.  In other words: 

yi = 80% x y. int. ( 
Xint. 

+ 1 
) 

(4.18) 
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Final Clupicker Performance Models 
Substituting Equation 4.14 and 4.15 for y^ and x^ , respectively, and 
rearranging yields 

yx = {-1.8477472 x [CP0riginaI - (1.7223141 x CPModified) +70.7651120]} 

x   I       + 0.6522635   [ 
1 L [CP0nginal + (0.3858896 x CPModified) -171.6396950]   J J 

Equation 4.19: NPV of Clupicker Replacement 

where 

yx =   The net present value (in millions of dollars) associated with 
replacing Original Clupickers with Modified Clupickers. 
Example: y1 = 0.991717 implies an NPV of $991,717. 

CPoriginai = Clupicker Performance0riginal in percent. 

Example: Enter 96.5 for 96.5%. Do not enter 0.965 for 96.5%. 

CPModined =  Clupicker PerformanceModified in percent. 

Example: Enter 97.5 for 97.5%. Do not enter 0.975 for 97.5%. 

x1 = Number of Setups per Day 
Example: Any whole number from 1 to 12. Numbers larger than 12 
should not be entered (see discussion of Appendices Q and 
R, below). 

Remember, Equation 4.19 should be used by companies who are considering 
replacing their Original Clupickers with Modified Clupickers. 

Subtracting the cost of a Jet Sew Hemmer from Equation 4.19 yields 

y2 = Yi - CostHemmer 

Equation 4.20: NPV of Jet Sew Hemmer Purchase 
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where 

y2 =   The net present value (in millions of dollars) associated with 
purchasing a Jet Sew Hemmer equipped with Modified Clupickers. 
Example: y2 = 0.751085 implies an NPV of $751,085 

yx =   The net present value (in millions of dollars) associated with 
replacing Original Clupickers with Modified Clupickers from 
Equation 4.19 (see note below). 
Example: y1 = 0.99717 implies an NPV of $991,717 

CostHemmer =  The Cost of a Jet Sew Hemmer expressed in millions of 
dollars. 
Examples: If a Hemmer costs $75,255 enter 0.0752555. 
If a Hemmer costs $752,550 enter 0.7525550. 
If a Hemmer costs $7,525,500 enter 7.5255500. 

Note: Instead of using CP0riginal   =  Clupicker Performance0riginal 

use   CP0riginal = Direct Labor Efficiency 

For an explanation of how to calculate Direct Labor Efficiency, see 
Appendix I page 18. 

Equation 4.20 should be used by companies who are considering purchasing 
a Jet Sew Hemmer equipped with Modified Clupickers. 

It is left as an exercise for a mathematician to determine better fitting and 
simpler mathematical expressions that approximate the AMCIA output 
values calculated in Appendix N. 

Final Clupicker Questions Answered 
Now that the AMCIA financial data has been collected, analyzed, and 
simplified, the unanswered questions at the end of Chapter 2 can be 
addressed. The Chapter 2 questions were: 

1. Are the performance improvements shown in Chapter 2 
sufficient to justify replacing Original Clupickers with 
Modified Clupickers? 
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2. Are the Clupicker performances, from Chapter 2, sufficient 
to justify investing in Clupicker technology at all? 

3. What other factors influence the decision to replace the 
Original Clupickers with the Modified Clupickers? 

4. Are there other factors which have a greater influence on 
Clupicker performance than the features incorporated into 
the Modified Clupicker? 

5. Are there other improvements which could make the 
Loader/Clupicker technology better, i.e. more financially 
attractive? 

With the Appendix M through O data in hand, it is now possible to answer 
question one through four.  Question five will be addressed in the section 
discussing Appendix P and Appendix Q. 

Question 1 
Are the performance improvements shown in Chapter 2 sufficient to 
justify replacing Original Clupickers with Modified Clupickers? 

Answer 1 
Graphs 4-1 through 4-3 show that regardless of the production scenario, the 
decision replace the Original Clupickers with the Modified Clupickers can 
translate into a net present value of at least $429,966 even with 12 machine 
setups per day. So the answer to Question 1 is definitively, "Yes." 

As the examples in Appendices J and K show, most of this net present 
value results from increased annual production capacity obtained by using 
the Modified Clupickers.  The net present values in Appendix assume that 
the company interested in purchasing the Modified Clupickers will be able 
to take advantage of the added production capacity. In other words, the 
AMCIA analysis assumes that the Loader with its Clupickers is the 
production bottleneck. 

Assuming the Loader and its Clupickers are the production bottleneck, the 
AMCIA analysis overwhelmingly supports the decision to purchase the 
Modified Clupickers, even when the Clupicker performance values are as 
low as 98.68%.  Chapter 2 showed that even the Original Clupickers can 
perform at or above 98.68%. 

In the face of such overwhelming evidence supporting the decision to 
purchase Clupickers the question is raised:  "Why are companies that have 
Clupickers not able to realize a return on investment, and why are 
companies that don't have Clupicker systems not buying them?".  These 
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question and others will be addressed in the section discussing Appendix Q 
and Appendix R. 

Question 2 
Are the Clupicker performances, from Chapter 2, sufficient to justify 
investing in Clupicker technology at all? 

Answer 2 
Question 1 focused on replacement purchases of Clupickers.  Question 2 
focuses on initial Clupicker purchases.  Like Question 1, however, Question 
2 can be answered:  "Yes." 

The lowest net present value obtained in the AMCIA analyses of Appendix 
M was $429,966. This value was based on an after tax investment of $8,781 
(six Modified Clupickers). The $429,966 net present value was mostly 
derived from added production capacity. With the combined cost of a Jet 
Sew Hemmer and Loader less than $100,000, the associated net present 
value should be in the neighborhood of $300,000. The labor and machine 
savings associated with a complete Hemmer/Loader purchase would add 
even more to the $300,000 present value making the decision to purchase a 
Hemmer and Loader a forgone conclusion. 

Again the question arises, "If the cost analysis is so heavily in favor of 
purchasing complete Jet Sew Hemmers and Loaders, why aren't more 
companies purchasing the units?"    And again, this question and other 
related questions will be addressed in the section discussing Appendix Q 
and Appendix R. 

Question 3 
What other factors influence the decision to replace the Original 
Clupickers with the Modified Clupickers? 

Answer 3 
CAR's AMCIA cost analysis focused on five of the fourteen AMCIA 
worksheets.  (The reasons for this are given in Appendix I).  The five 
worksheets CAR analyzed were: 

1. Company Data Sheet 

2. Investment, Installation, and Depreciation Worksheet 

3. Direct Labor Worksheet 

4. Indirect Labor Worksheet 

5. Quality Related Costs Worksheet 
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Of these five worksheets only the last three contributed to a positive net 
present value for the complete analysis. Of these three worksheets Direct 
Labor contributed the most while Indirect Labor contributed the least (see 
example in Appendix L). 

In fact, the Direct Labor worksheet contributed so much to the net present 
values in each of the Clupicker cost analyses that CAR recommends future 
analyses focus only on the Direct Labor worksheet.  It is important to 
note, however, that the Direct Labor Worksheets positive net 
present values were not related to labor savings, but rather 
increased production capacity.  This is a significant point. 

Companies looking to justify Clupicker purchases based on labor savings 
alone may be disappointed. A company that has a direct labor efficiency of 
85% (this is admittedly high) may think that adding Clupickers with an 
efficiency rating of 99.5% will increase their overall direct labor efficiency. 
However, the discussion at the end of Appendix I's Direct Labor Worksheet 
shows that a Clupicker performance of 99.5% translates to a direct labor 
efficiency of only 84.6% (84.5589% was the calculated value). 

Also, the assumption that a Hemmer/Loader can completely automate the 
production of shirt right front hems is a false assumption.  As explained in 
Appendix I's Direct Labor Worksheet, and supported by Appendix Q's Time 
Check calculations, significant amounts of time (anywhere from 44 to 229 
minutes) are required to correct errors caused by the Clupickers.  Since the 
Clupicker errors occur at random (i.e., not all at once), and since the 
analysis assumes the hemming operation is a production bottleneck, 
someone must watch over the Clupicker at all times. 

The real advantage of purchasing a Clupicker system is that, even 
with liberal allowances for proper adjustment, the Clupickers can 
extend a company's production capacity (see the Direct Labor 
Worksheet's "Implied change in annual production capacity" 
heading in Appendix I).  But increased production capacity is not the 
only factor that should influence the decision to purchase Clupicker 
technology. 

The next most significant benefit to purchasing Clupicker technology is in 
the area of Quality Related Costs. As the example in Appendix K shows, 
increasing the picking efficiency from 99.50% to 99.90% can reduce the labor 
cost of repair and the net cost of seconds to the tune of $3,412 over the 
depreciation life of the Clupickers. While this may not seem significant, it 
is enough to justify the cost of at least two Clupickers (after taxes). 

Finally, substantial benefits may be derived from reductions in Indirect 
Labor input (mechanics, etc.).  Although the Indirect Labor Worksheet 
(described in Appendix I) assumed that virtually no changes would occur 
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in the number of Loader/Clupicker setups required per day, in actuality, it 
is quite possible that the Modified Clupickers would substantially reduce 
the number of setups required per year. 

As discussed in Chapter 2, CAR spent a great deal of time adjusting the 
Original Clupickers so that they worked well.  Virtually no time was spent 
adjusting the Modified Clupickers.  In a production environment it is 
highly unlikely that indirect labor will be given the luxury of 15 minutes per 
setup as assumed in the AMCIA analysis.  Since the Modified Clupickers 
required virtually no setup, it is reasonable to assume that in a production 
environment the Modified Clupickers could lead to substantial Indirect 
Labor cost savings. 

Question 4 
Are there other factors which have a greater influence on Clupicker 
performance than the features incorporated into the Modified 
Clupicker? 

Answer 4 
From the mathematical models developed in this chapter there are six key 
factors which affect Clupicker performance.   (Remember, "performance" 
implies financial performance.)  They are, listed in order of importance: 

L   The company's ability to capitalize on increased 
production capacity. 

2. Bundle quality. 

3. Modified Clupicker performance. 

4. Original Clupicker performance. 

5. Setups per day. 

6. Hourly wages. 

Explanations follow: 

As mentioned in the answer to Question 3, the ability to increase production 
capacity is the single largest benefit to purchasing Clupicker technology.  If 
the Clupickers are not the production bottleneck (i.e., if buying Clupickers 
will not increase production capacity), there is no point in purchasing 
them. 

Bundle quality also has a dramatic affect on Clupicker performance.  This 
project did not attempt to quantify the impact of bundle quality on Clupicker 
performance, but the project was initially hampered by bundle quality. As 
discussed in Chapter 2, the test team had to develop a machine (the Bologna 
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Slicer) to guarantee bundle quality so that Clupickers could be adjusted, 
calibrated, and experimented on. 

A high quality bundle of cut fabric pieces is characterized by the following: 

1. Well aligned edges 

2. Vertical stacked appearance 

3. Non-fused edges 

4. Non-fraying edges 

5. Minimum ply-to-ply surface fiber entanglement 

6. No splitter paper 

The well aligned edges and vertical stacked appearance ensure that as 
Clupickers process the bundle the plies in the bundle do not change position 
relative to the Clupickers and the Hold-down Fingers.  This is important 
because the Loaders have no way of automatically adjusting the Clupicker 
and Hold-down Finger positions. 

Non-fused edges, non-fraying edges, and minimum ply-to-ply surface fiber 
entanglement all relate to ply separation.  If any of these conditions is not 
met the bundle fabric pieces will tend to stick together. If the fabric pieces 
want to stick together, the Clupickers may accidentally pick up two or more 
pieces at once. 

Introducing splitter (tissue) paper between the fabric pieces would 
minimize the tendency to stick together, but splitter paper interferes with 
Clupicker performance.  Loaders have no way of knowing if fabric is being 
processed or splitter paper.  If the Clupickers pick up splitter paper the 
paper will be processed just like fabric.  This wastes time an resources.  If 
the Clupickers cannot pick up the splitter paper, the Loader and Hemmer 
stop and production is lost. 

To minimize Clupicker related production errors and delays, a company 
must first maximize its bundle quality.  This can be done several ways. 
To ensure that a bundle has well aligned edges and a vertical stacked 
appearance: 

1. Use automated cutting equipment to produce cut parts for Clupicker 
operations. Automated cutters produce more consistent parts than 
manual cutters. 

2. Use a stiffer spreading paper under the Clupicker bundles.  The 
stiffer paper helps reduce bundle distortion during handling. 

3. Lift the bundles with two hands to avoid shifting the plies. 
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4. Lift the bundles on the edges perpendicular to the edge the Clupicker 
will pick. This ensures that if the plies shift they shift from side-to- 
side with respect to the Clupickers instead of in and out. 

5. If possible keep the Clupicker bundles small.  Several small bundles 
are easier to handle and load than one large bundle. 

To ensure that bundle pieces do not stick to each other: 

1. Avoid getting the cutting blade hot. This prevents fusing and 
minimizes edge fraying.  Lower blade temperatures can be achieved 
by regular sharpening, reduced fabric compression (i.e., weaker 
vacuum hold-down), forced cooling, blade lubrication, reduced 
cutting height, and lower cutting speeds. 

2. Reduce edge fraying using the cutting blade techniques discussed 
above and by minimizing contact with the bundle edges. 

3. Reduce ply-to-ply attraction by minimizing ply-to-ply shifting and 
reducing fabric compression.   Ply-to-ply shifting promotes surface 
fiber entanglement and electrostatic attraction.  Ply-to-ply shifting 
occurs mostly during spreading when the plies are not being spread 
tension-free.   Fabric compression occurs when the lower plies are 
weighed down by the upper plies (i.e., in thick spreads).  Compression 
also occurs on the vacuum bed of automated cutters. 

If fabrics have to be separated to avoid shading or because they belong to 
different lots, decide whether splitter paper has to be used. 

1. If splitter paper has to be used decide if it is better for the Clupickers 
to process the paper or to mispick, and choose your paper 
accordingly.  Thin flexible paper will pick better than thick stiff 
paper. 

2. Splitter paper can be avoided by reducing the bundle sizes. 
Remember, production is only as fast as the slowest operation.  If the 
hemming operation is indeed the slowest operation in the plant, 
reducing the speed of the spreading and cutting^ operation (by 
reducing bundle sizes) will have no impact on production 
throughput. 

This ends the discussion of the two factors which have a greater 
influence on Clupicker performance than the features incorporated 
into the Modified Clupicker.  Several other factors influence 
Clupicker performance, however. 
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To determine which of the remaining factors influenced Clupicker 
performance and to what extent, Appendix P was constructed. 
Appendix P uses the extreme values of CP0riginal (CPO, Clupicker 
Performance Original), CPModi£ied (CPM, Clupicker Performance 
Modified), and x1 (SET, Setups per Day) taken from Appendix N. 
These extreme values are plugged into Equation 4.19 to see what 
affect extreme input changes have on Equation 4.19's output y1 (NPV, 
Net Present Value). 

Appendix P clearly shows the Equation 4.19 is most dramatically affected by 
the Modified Clupicker performance.   The Original Clupicker performance 
has the next greatest impact, and the number of setups per day has a 
smaller, but significant, impact on Equation 4.19. Since Equation 4.20 is 
closely related to Equation 4.19 the same holds true. The Modified Clupicker 
performance has the greatest affect on the net present value of a Hemmer 
purchase.   The Original Clupicker performance has the next greatest 
affect, and the number of setups per day has a smaller affect.  As for worker 
hourly wages, Graphs 4-1 through 4-3 show that changes in hourly labor 
costs have little impact on the Clupicker cost performance. 

In summary, the answer to Question 4 is, "Yes, there are two factors which 
have a greater influence on Clupicker performance than the features 
incorporated into the Modified Clupicker.  First, a company's ability to 
capitalize on the increased production capacity of existing Clupicker 
technology is more important than the benefits derived from the Modified 
Clupickers.   Second, poor bundle quality can reduce a Clupicker's 
performance more than fabric changes within the bundle." 

Question 5 
Are there other improvements which could make the Loader/Clupicker 
technology better, i.e. more financially attractive? 

This question requires some background discussion. 

Appendix Q - AMCIA Time Check Data 
To ensure that the data in Appendices M and N were reasonable, the 
Clupicker Program (Appendix J) compared the amount of operator time 
available to correct Clupicker errors (storage register 42) with the time 
required to correct Clupicker errors (storage register 43).  The time check 
was based on equations presented in Chapter 3 and the associated "Time 
Check" data is presented in Appendix Q.  In all the scenarios evaluated, the 
time available to conduct repairs exceeded the time required to conduct the 
repairs. 
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Appendix R - Minimum Clupicker Performance Requirements 
(based on Time Check Data) 
In all of the production scenarios evaluated, the Clupickers produced 
positive net present values. This is because, in every case, the Clupickers 
allowed the Hemmers to increase production capacity enough to justify the 
expense of both the Clupickers and the Hemmers. The only time that 
production capacity could be jeopardized is when the time required to repair 
Clupicker related errors exceeds the time available to conduct those repairs. 

When the time required to correct Clupicker errors exceeds the time 
available , the Clupickers create more problems than they solve.  In an 
attempt to answer Question 5, CAR decided to find the minimum Clupicker 
performance levels that ensure that the time available to conduct repairs 
just exceeds the time required the to conduct the repairs. Appendix R 
details the analysis. A graph of the Appendix R data is shown on the next 
page. 
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Graph 4-8: Appendix R Data 

Graph 4-8 shows many interesting things.  First it shows that if the number 
of setups per day exceeds 15, the minimum Clupicker performance must 
start improving dramatically for the Clupickers to be cost effective. Next 
Graph 4-8 shows that for production environments with 12 setups per day 
or less, the only time six Clupickers would be inadequate is when their 
individual performances dropped below approximately 96.5%. 
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Several of the companies surveyed by Dr. Clapp's students reported 
Clupicker performances below 96.5%.  Chapter 2 showed that, with the 
development of a careful setup procedure (including a "Bologna Sheer"), the 
Original Clupickers can be made to reliably perform at levels above 97%. 
For those companies who do not feel their Original Clupickers can be made 
to perform above 96.5% the decision to purchase the Modified Clupickers is 
easily justifiable, provided the company can take advantage of the added 
production capacity afforded by the Modified Clupickers. There is another 
alternative, however, which brings us back to Question 5. 

Question 5 
Are there other improvements which could make the Loader/Clupicker 
technology better, i.e. more financially attractive? 

Answer 5 
Graph 4-8 clearly shows, that the use of grouped Clupickers allows 
individual Clupicker performances to drop without affecting the overall 
performance of the machine the Clupickers are attached to.  For example: 
Graph 4-8 plots the minimum performance of twelve Clupickers grouped 
into six groups with two Clupickers per group.  In such a grouping, the 
individual Clupickers can have performance levels as low as 81% and still 
pick as effective as six Clupickers with individual performance levels of 
approximately 96.5%.  Eighteen Clupickers grouped in to six groups with 
three Clupickers per group can have individual perform at levels as low as 
66.5% and again pick as well as six Clupickers with individual 
performance levels of approximately 96.5%. 

This ability of grouped Clupickers to mask poor individual Clupicker 
performances, was part of the problem associated with setting up the 
Clupickers in the original experiment (see Chapter 2).  In any event, 
increasing the number of Clupickers in an automated machine may 
increase the cost by $2000 per Clupicker, but the AMCIA analyses 
conducted in Appendices M and N, and the models created in this chapter 
will probably support the hypothesis that the monetary gains derived from 
group Clupicker performances can readily offset the cost of the additional 
Clupickers, provided the company is able to capitalize jon the added 
production capacity created by the improved grouped Clupicker 
performances. 

One other approach might be used to make the Loader/Clupicker 
technology better. During testing the test team noted that a large 
percentage of Loader detected mispicks could be corrected simply by 
releasing the offending plies and repicking them.  Although no data was 
recorded on how mispicks were corrected, repicking was the predominant 
correction method used.  Jet Sew should consider modifying the Loader 
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controls so that when a mispick condition is sensed the Loader drops the 
offending plies and automatically attempts to repick the top-most ply. The 
test team's experience suggests that if the mispick condition persists after 
three pick attempts, manual intervention is truly required. 
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Chapter 5:   Conclusions and Recommendations 

From Chapter 2 

Table 2-11:  Clupicker Performance Data Summary 
(See Tables 2-6, -7, -9, and -10) 

Clupicker Type Correction 
Factors 

Individual Picker Performance 
No Clupicker 
Interaction 

Strong Clupicker 
Interaction 

Original None 97.41 97.97 
1 97.51* 98.06 
2 97.14 98.67 

land 2 97.23 98.76 
Modified None 98.68 99.23 

* Values in bold are the highest values for each Clupicker type. 

From Table 2-11 one can conclude that regardless of whether correction 
factors are applied or whether device interactions are present or not:  For 
shirting fabrics in general, the Modified Clupickers consistently 
outperform the Original Clupickers.  But, Chapter 2 also shows that a 
simple a device (a Bologna Sheer) can make troubleshooting of the Original 
Clupicker sufficiently fast and accurate that in some cases Modified 
Clupickers may not be required. 

From Chapter 3 
Before a company can conduct a cost analysis on any piece of equipment, 
the company must understand how the equipment will affect the 
manufacturing environment.  To prepare for a Clupicker cost analysis: 

1. The individual Clupicker performance ratings must be 
determined.  This was done in Chapter 2. 

2. The device which limits the Clupicker cycling times must be 
identified. In Chapter 3 it was shown that the Clupicker 
processing speed is limited by the Jet Sew Hemmer. 

3. The way Jet Sew Hemmers fit into apparel manufacturing 
environments must be modeled.  In Chapter 3 a Jet Sew 
Hemmer critical production time-path was determined. 

4. Time-based information must be added to the critical time- 
path.  The result is a production model for the equipment in 

5-1 



question. In this paper the time-based information applied to a 
Jet Sew Hemmer (see Figure 3-3). Remember, that Figure 3-3 
only applies to one particular manufacturing scenario, 
however. 

5.   The basic validity of the production model must be checked. 
For the Jet Sew Hemmer this was done in the last section of 
Chapter 3 using one of the program discussed in Appendix J. 
The check involves determining if the Clupickers create more 
errors than can be corrected in the time available (see Chapter 
3 for a more detailed explanation). 

From Chapter 4 
Determine if the following conditions apply to you and/or your company: 

1. You own a Jet Sew Hemmer with an automatic Jet Sew Loader. 

2. You know that hemming is a production bottleneck. 

3. You know that you will be able to increase production capacity to 
nearly match the Hemmer's maximum daily output of 4,500 units 
per day (see the Direct Labor Worksheet's "Implied change in annual 
production capacity" heading in Appendix I). 

4. You are interested in replacing the Original Clupickers with 
Modified Clupickers. 

If these condition apply, use Equation 4.19 to calculate the net present value 
of the decision to replace your Hemmer/Loader Original Clupickers with 
Modified Clupickers. 

Yl = {-1.8477472 x [CP0riginal - (1.7223141 x CPModified) + 70.7651120]} 

]       + 0.6522635   \ 
1 L [CPoriginai+ (0.3858896 xCPModified)-171.6396950]    J J 

Equation 4.19: NPV of Clupicker Replacement 

where 

yx =  The net present value (in millions of dollars) associated with 
replacing Original Clupickers with Modified Clupickers. 
Example: yx = 0.991717 implies an NPV of $991,717. 
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CPoriginai = Clupicker Performance0riginal in percent. 

Example: Enter 96.5 for 96.5%. Do not enter 0.965 for 96.5%. 

CPModified =  Clupicker PerformanceModified in percent. 

Example: Enter 97.5 for 97.5%. Do not enter 0.975 for 97.5%. 

xx = Number of Setups per Day 
Example: Any whole number from 1 to 12. Numbers larger than 12 
should not be entered (see discussion of Appendices Q and 
R, below). 

If the conditions listed above do not apply to you check to see if these 
conditions apply: 

1. You are interested in purchasing a Jet Sew Hemmer with an 
automatic Jet Sew Loader. 

2. You know that hemming is a production bottleneck. 

3. You know that you will be able to increase production capacity to 
nearly match the Hemmer's maximum daily output of 4,500 units 
per day (see the Direct Labor Worksheet's "Implied change in annual 
production capacity" heading in Appendix I). 

If these conditions apply use Equation 4.20, below, to calculate the net 
present value of the decision to purchase a Jet Sew Hemmer/Loader 
combination equipped with Modified Clupickers. 

y2 = Yi - CostHemmer 

Equation 4.20: NPV of Jet Sew Hemmer Purchase 

where 

y2 =  The net present value (in millions of dollars) associated with 
purchasing a Jet Sew Hemmer equipped with Modified Clupickers. 
Example: y2 = 0.751085 implies an NPV of $751,085 

y1 =  The net present value (in millions of dollars) associated with 
replacing Original Clupickers with Modified Clupickers from 
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Equation 4.19 (see note below). 
Example: y1 = 0.99717 implies an NPV of $991,717 

CostHemmer =  The Cost of a Jet Sew Hemmer expressed in millions of 
dollars. 
Examples: If a Hemmer costs $75,255 enter 0.0752555. 
If a Hemmer costs $752,550 enter 0.7525550. 
If a Hemmer costs $7,525,500 enter 7.5255500. 

Note: Instead of using CP0riginal   =  Clupicker Performance0riginal 

use  CP0riginal = Direct Labor Efficiency 

For an explanation of how to calculate Direct Labor Efficiency, see 
Appendix I page 1-18. 

The net present values generated by Equations 4.19 and 4.20 are most 
dramatically affected by the Modified Clupicker performance.  The Original 
Clupicker performance has the next greatest impact on net present value, 
and the number of setups per day has a smaller, but significant, impact on 
net present value.  Worker hourly wages have virtually no impact on the net 
present value calculations associated with the Clupickers. 

If Equation 4.19 or 4.20 generate net present values that seem unreasonably 
high, use CAR's AMCIA program and Appendix I to conduct your own 
detailed cost analysis.  Complete the AMCIA worksheets in the following 
order: 

1. Company Data Sheet 

2. Investment, Installation, and Depreciation Worksheet 

3. Direct Labor Worksheet 

4. Indirect Labor Worksheet 

5. Quality Related Costs Worksheet 

Of these five worksheets only the last three contribute to a positive net 
present value for the complete analysis.  Of these three worksheets Direct 
Labor easily contributes the most while Indirect Labor and Quality Related 
Costs contribute the least (see the example in Appendix L). 

Remember:  You can get a free copy of the AMCIA program from Clemson 
Apparel Research, 500 Lebanon Rd., Pendleton, SC 29670, 
Phone: 803/646-8454. 

5-4 



Regardless of which method is used to conduct a cost analysis, provided the 
company can take advantage of the added production capacity, example 
calculations presented in this paper show that the performance 
improvements determined in Chapter 2 are sufficient to justify purchasing 
six Modified Clupickers. It is also shown at the end of Chapter 4 that for the 
best possible Loader performance each Modified Clupicker should be 
installed next to an Original Clupicker rather than replacing the Original 
Clupicker.  In this way the side-by-side Clupickers perform as one, and the 
chances of both Clupickers mispicking simultaneously becomes extremely 
small. 

Despite the favorable cost analyses presented in this paper, however, 
companies looking to justify Clupicker purchases based on labor savings 
alone may be disappointed.  Discussions at the end of Appendix I's Direct 
Labor Worksheet show that apparently high Clupicker performance values 
actually translate into lower of direct labor efficiencies.  For example, in 
Appendix I a Clupicker efficiency of 99.5% translates into a direct labor 
efficiency of only 84.6% (84.5589% was the calculated value). The reasons for 
this are explained in detail in Appendix I, but basically the decrease in 
performance is related to the fact that malfunctioning Clupickers can 
create errors faster than direct labor can correct those errors. 

Also, companies will be disappointed to learn that Hemmer/Loaders 
require constant human monitoring.  There are several reasons for this. 
First, if the Hemmer/Loader is a production bottleneck plant production 
capacity is limited by the Hemmer/Loader's performance.   Therefore, all 
efforts must be made to ensure the Hemmer/Loader never stops (or at least 
stop infrequently).   Second, because Clupicker errors occur at random and 
because Clupicker errors will frequently cause the Hemmer/Loader to stop, 
someone must watch over the Clupickers at all times.  Third, the last fifteen 
minutes of a production run are particularly critical.   If the Clupickers 
produces a large number of errors at the end of a production run, the time 
spent correcting those errors may interfere with the setup and running of 
the next production run (see Chapter 3 for a more detailed explanation). 
This does not mean development of the Modified Clupickers was a waste of 
time, however. 

The Modified Clupickers will reduce the number of times an operator must 
correct mispick conditions by giving the Loader's the ability to 
automatically correct for large fabric variations.  The Loader's can also 
automatically correct mispicks if Jet Sew modifies the Loader's controls so 
that when a mispick condition is sensed the Loader drops the offending 
plies and automatically attempts to repick the top-most ply. The test team's 
experiences suggests that most mispick conditions can be corrected in this 
fashion, and that in most cases only after two repick failures is manual 
intervention truly required. 
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The only condition which the Loader's can not compensate for is poor 
bundle quality. High bundle quality can be achieved by the following: 

1. Use automated cutting equipment to produce cut parts for Clupicker 
operations.  Automated cutters produce more consistent parts than 
manual cutters. 

2. Use a stiffer spreading paper under the Clupicker bundles.  The 
suffer paper helps reduce bundle distortion during handling. 

3. Lift the bundles with two hands to avoid shifting the plies. 

4. Lift the bundles on the edges perpendicular to the edge the Clupicker 
will pick. This ensures that if the plies shift they shift from side-to- 
side with respect to the Clupickers instead of in and out. 

5. If possible keep the Clupicker bundles small.  Several small bundles 
are easier to handle and load than one large bundle. 

6. Avoid getting the cutting blade hot. This prevents fusing and 
minimizes edge fraying.  Lower blade temperatures can be achieved 
by regular sharpening, reduced fabric compression (i.e., weaker 
vacuum hold-down), forced cooling, blade lubrication, reduced 
cutting height, and lower cutting speeds. 

7. Reduce edge fraying using the cutting blade techniques discussed 
above and by minimizing contact with the bundle edges. 

8. Reduce ply-to-ply attraction by minimizing ply-to-ply shifting and 
reducing fabric compression.   Ply-to-ply shifting promotes surface 
fiber entanglement and electrostatic attraction. Ply-to-ply shifting 
occurs mostly during spreading when the plies are not being spread 
tension-free.   Fabric compression occurs when the lower plies are 
weighed down by the upper plies (i.e., in thick spreads).  Compression 
also occurs on the vacuum bed of automated cutters. 

9. If splitter paper has to be used decide if it is better for the Clupickers 
to process the paper or to mispick, and choose your paper 
accordingly.  Thin flexible paper will pick better than thick stiff 
paper. 

10. Splitter paper can be avoided by reducing the bündle sizes. 
Remember, production is only as fast as the slowest operation.  If the 
hemming operation is indeed the slowest operation in the plant, 
reducing the speed of the spreading and cutting operation (by 
reducing bundle sizes) will have no impact on production 
throughput. 

Any company that understands and follows the recommendations 
listed above can expect the Modified Clupickers to extend the 
company's production capacity, even if the daily setup times are 
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large.   (To calculate how much production capacity increases, see the 
Direct Labor Worksheet's "Implied change in annual production 
capacity" heading in Appendix I and the Clupicker programs in 
Appendix J).   Increasing a Hemmer/Loader's production capacity is 
only useful if it avoids a production bottleneck, however. If a 
production bottleneck is not removed with increased production 
capacity it means that there was sufficient excess capacity to start 
with, and additional improvements are not necessary.  In other 
words, improving a hemming operation by purchasing a Jet Sew 
Hemmer and Loader equipped with Modified Clupickers only makes 
sense if the hemming operation is a true production bottleneck. 
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326 Barneveld, NY 13304, October 10,1988. Phone: 315/896-2683. 
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2.5 Jet Sew, Jet Sew 5001 Automatic Front Loader Manual, manual # 

A50010035 10/18/88. Pickers Up Down, Fig. 27; Jet Sew, P.O. Box 

326 Barneveld, NY 13304, October 10,1988. Phone: 315/896-2683. 

2.6 Jet Sew, Jet Sew 5001 Automatic Front Loader Manual, manual # 
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University (NCSU), Enhance the Commercial Acceptance of an 

Automatic Ply Separation & Feeding System for Apparel 
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Box 326 Barneveld, NY 13304, September 6,1990. Phone: 

315/896-2683. 

4.2 No formal data was taken concerning the Loader's positioning 

abilities, but from basic experimental observations, variations 

of up to 3/4" were not uncommon (see Chapter 2 page 6). 
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Appendix A - Original Experimental Design 

The following experimental design is outlined according to the original 
experimental design-outline provided in the Fundamental Concepts in the 
Design of Experiments, Third Edition, by Charles R. Hicks: 

I I.   Experiment 
A. Statement of problem 
B. Choice of response or dependent variable 
C. Selection of factors to be varied 
D. Choice of levels of these factors 

1. Quantitative or qualitative 
2. Fixed or random 

E. How factor levels are to be combined 

II. Design 
A. Number of observations to be taken 
B. Order of experimentation 
C. Method of randomization to be used 
D. Mathematical model to describe the 

experiment 
E. Hypothesis to be tested 

III.    Analysis 
A. Data collection and processing 
B. Computation of test statistics 
C. Interpretation of results for the experimenter 

Each step will be listed below with its associated solution. 

I. A.   Problem Statement: Which Clupicker system is least affected by 
fabric variations? 

LB.     Response (Dependent) Variable:   Mispicks, both no-pick and multi- 
pick types. 

I.C.     Factors  to be varied  (Treatments):   Clupicker   systems   (i.e.,  three 
grouped pickers and their associated transfer devices). 

I.D.     Choice of factor levels: 1) Qualitative 
2) Fixed 
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Two levels total (i.e. the Old Clupicker system 
and the New Clupicker system). 

I.E. Factor combinations: Since this is a single factor experiment there 
are not factor combinations (see the chart at the end of this 
design list). 

ILA. Number of observations: Based on statistical information given in 
Tim Clapp's Phase I Clupicker Project Report, and assuming 
a normal performance distribution, each sample run should 
consist of at least 7,885 plies {the experimental units for this 
experiment are short sleeves) per feeder section for a statistical 
alpha (a) of 0.05 and beta (b) of 0.10 with a 10% sensitivity range. 
Unfortunately, given the speed of the feeder in handling shirt 
sleeves, processing a single sample would take at least 22.5 
hours with the machine running continuously even without a 
mistake. Constrained by the fact that a work day is eight hours, 
the sample size will be limited to 2000 plies per feeder section 
per day. Based on analysis of error degrees-of-freedom and 
statistical F-tests, and considering a day as a single 
replication, at least four days of experimentation will be 
required during which 16,000 plies can be processed. 

II.B.   Order of Experimentation: See the chart at the end of this design list. 
II.C. Method of randomization to be used: Blocking by day (see the chart at 

the end of this design list). 
II.D.   Mathematical model 

Yijk = m + bi + tj + gk + eijk 

Where: 

Yjjk j  performance value 

m   1  performance mean 

bj j block effect 

tj j treatment effect 

gk I position effect 

eijk -f   random error 

U.E.   Hypothesis to be tested: H0: m = 99.9% new picker efficiency 

Hl: m £ 99.9% picker efficiency 
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Since a comparison is being drawn between the old and new pickers, 
F-tests shall be run according to the chart at the end of this report. 

If  this   experiment   is   acceptable   to  the   Design   Team,   the   complete 
experiment, minus data, can be described in the outlined on the next page: 

Clupicker Experimental Design 

Day (Replication Blocks) 

Feeder Position I II III IV 

Left 

Right 

Old Clupicker 

New Clupicker 

New Clupicker 

Old Clupicker 

Old Clupicker 

New Clupicker 

New Clupicker 

Old Clupicker 

Due to set-up times at least half a day should be allowed to change the 
picker systems from left to right. This means that for four replications a 
minimum of six days should be allotted for completion of the experiment. 
Also, the design shown above allows for additional replications to be added 
at random allowing for increased experimental sensitivity should 
differences in Old and New Clupicker performances be difficult to 
demonstrate. 

An Error Mean Square (EMS) Table is given below along with the 
recommended F-tests. 

Clupicker EMS Table 

Source 
Degrees of 
Freedom 

4 levels 
Random 

i 

2 levels 
Fixed 

j 

2 levels 
Fixed 

k 
EMS 

Replications   bj 3 1 2 2 Se + 4(Sb)2 

Treatments     tj 1 4 2 0 Se + 8ft 

Positions          g^ 1 4 0 2 Se + 8fg 

Error                 e^ 2 1 0 0 Se 

In each case the correct F-tests are defined as: 

F  =  Mean Square Source Effect ü  Mean Square Random Error 
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The math associated with this experiment and other related information 
shall be developed when Phase II is funded. For the time being, the above 
information more that adequately describes a complete Clupicker 
Experimental Design. 
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Appendix B - Shirt Fabrics Used 

Shirt Fabrics Used 
Fabric Description Stack #1 Stack #2 Total # of 

Plies 

Blue Striped Oxford 34 34 68 
Chambray 65 65 130 
Dark Blue Broad Cloth 49 49 98 
Light Blue Broad Cloth 24 24 48 
Light Blue Oxford (Shade #1)* 38 38 76 
Light Blue Oxford (Shade #2)* 7 7 14 
Light Blue Oxford, Fine 6 6 12 
Light Blue Oxford, Stiff 27 27 54 
Military Green, AG 415 25 25 50 
Peach Oxford (Land's end) 59 59 118 
Pink Oxford (Land's end) 44 44 88 
Red/Blue Striped Oxford 3 3 6 
Red/Grey Striped Oxford 2 2 4 
Wendy's 48 48 96 
White Broad Cloth 47 47 94 
White Oxford (Shade #1)** 47 47 94 
White Oxford (Shade #2)** 9 9 18 
Yellow Oxford (Land's end) 36 36 72 
Totals 570 570 1140 
*  In handling, it was impossible to distinguish between these two 
fabrics.  In the remaining appendices they are simply referred to as 
Light Blue Oxford. 

** Again, it was impossible to distinguish between these two fabrics. 
In remaining appendices they are simply referred to as White Oxford. 
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Appendix C - Bundle Names and Bundle Ply Sequences 

Page 
lof6 
ID 

Ply# 
001 
002 
003 
004 
005 
006 
007 
008 
009 
010 

CTBS~\J O -f **•/■■*>£ 
l*jU4 }T& OX 

Bundle Names 

Chambrey / 
Chambrey 

Bundle #1 

&M4$r*> /y&^.v 
LT/lL-iS /?-KßA-7> 

PjsSiC    Q)(A&CP 

y/cui^cy;, 
P*£,-*3C&-t  O % 

CTSi-Of}*. oTff/- 

pCu ST/LiAi AX 

j'i-c cii-u  & A#JII a 

Dark Blue 
Broad Cloth / 

Wendy's 
Bundle #2 

~PAu. Feu  e>M 
fCd-t   O jc 

M^>f 7~   OF* 

O^*?-«"*"* 
pc.fi  a x 
p M j^..   £t   y 

&*-( iPjc 

u> *£■ *-> t> y S 

Ki>/Bcu <>T*urt 
\Jj~; O*-. 

Pink Oxford / 
White »Oxford- 

J"^ö>=?JD 
Bundle #3 

fr^iC-  ö ><- 

Cf3 c v o* srf^^- 
psx- GTT- 
{/r^y^<.Sr;^< 
Uj>*-iT- ß ^H^A p 

W-^. '£>" 
L-T gvu o •>. yrts*    ^fd c-  <£>-?*• 

yT/t. c-s%<g.g ^L. 
*sjMT~ ^-y. 

i^g-~'l>rj 

Blue Stripe / 
Yellow Oxford 

Bundle #4 
j?W      St*L.'/*f 

£<~j*-ir    c?">~. 

C-*~t ^*"-~! 

PC*H     Q~-A 
P^J s^C     &-%, 

LJ" &£.u &s*^r**-'£t 

7% Sn^ 
pec S^ # ■ * -2 

011 
012 
013 
014 
015 
016 

K*J £ WPYS ,<gW ±r*L ti?,A, &4H- * * /***./1~ c-zs^c* •*. 

f*J\ i L.   C. fV6£-* izrffct* fi x c rgc ^ jr%. S ns/z t*jf-t7-~0—f 

i*->±j i Q?- <-TB*-O &%*/«/* Pete i*>-x psj K- Cyc 

Cw /?-■*-> R'%-£ r i^j ^f 7~JlSL»j&h rvc ^7^/^ pCH  Cry*. 

Cr gc    o,*. Us*-t\ PN T?£.H   O v. &£.<} 3 r-xss*-^ 

L-VBc.     Oh- (jrgcij -JI^~&^J> LT ?Lü S'^V-d frs^/--/J"/3 *1fm-Tl 

017 
018 

UsHT~ £>s*"€>42> Af/L.    £? 't^d-O ijrjs^ij ü-t- $n** Cj iäfc.- ^  /y-t~ 

P'->¥-■ as x*du e^ ■^ /<L-    j%y^J.£-. L*J>t-r^>7> V S 

019 
020 

kj £ .-■> j> ¥T „C'fti.'f *-?/,, ty/*-t f    S*^-»*^-l> 

?£AC*i Qx cr &*-U4K$rr*,.-     'pC#  £>>- 

^•^A/ 7"' crfc^^ 

/^-X/C     <S~s%~£ JT »■ 

021 
022 

u^ H r OP cr- S"Cu & F t^^i^ ^-**7 (S-»y ■«4■•j!-,' 

'c-w'   ?r^- 0^ pAtC&j-jj j&Wt-ö ^d<~~ O X. y^g, gt.,^ jg^S»» 

023 i?*-^   e>>^, Ffe^^^v ^K C^/>f^ C-r ./?Cu /T* %~> 't/t? 

024 
025 
026 
027 
028 
029 
030 
031 
032 

B<- >>  c?>^ /Z/i-v4 t,r.gLü>g/^! 
^j>-f/r 6^-O^P Rp/ßc-o f/zjz/^e' 

TfCis ^T^-i^f .tf^1- iT^ 
6f*z»'*) <-7*3i-*Ls   /?<-tj9-s—-; 

CT P^^> S*^4J>C-TB<^u   r>*> Sttf** <-*■%> '$**L. f*~,< J^A £^-&*-<> 

L Jzi <*-rpL~xj ös-^f-^i C^jjfj^r c 7~ '<!£•-■<-> i>^j^ 

(r£'j^ o/t 

G< >J >^ ^c- 
paüc o k. L^/-t r g-^r*?J> £—> >? r" ^3 <-vM^ 

n-h/4.«* <&**(*£. Cr-ta^ O OyJ    ,^ >->^<- A>X 

-T g'to cthrift V<g<— /? ^c g><r<, i?^-v* g^tyi»;       PO*-i rr^c 

CHAr^S'l^Y Fi^-u <zr*">r£ o^ CteA^) JZ2L 
P./C    ELU  7?t^4R P«L.ni,ügA&#h /"7-3&--J ^r^e P/uc. BLcj ß'■**>***> 
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ID 

Ply# 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 
043 
044 
045 
046 
047 
048 

050 
051 
052 
053 
054 
055 

C7  8^ 

Bundle Names 

Chambrey / 
Chambrey 

Bundle #1 

CL^L ■^/^i? 

UJ1 £■■ •Y 5 

*T-£*-~* QjC &i'-,o S>r"^t^<r 

cr fet; o*s,nM 
wwr'iA 

<-T   frt  ,J    O Tf- 

P&.IA- T?L.U7$/V>>4l 

' H r R ^H>4-i> 

LJ*4'1    Of- 

&**■< f\tt_ 

PtKJtC* 

Fen 
ö r- 

t,*-f4-<*n 

C^Bi-V SI C* 

(,-r- $>(,& 

049     f„,r- ;Tc-t^   <5> A o/ 

L~r St.'u Oh 

-pic- art,, ij Esy&&£ 
£HA*s 

,T t?cu 0K-$r*>& 

H-iL-    &/*-*-> 

^£1* ** 

Dark Blue 
Broad Cloth / 

Wendy's 
Bundle #2 

P<£H   £>-* 
ftpfC-AST* srn/ss 

fs.pf&i*>  prsffSt 

£*TXL«Jß **">*£ 

PAJVC O ß- 

CT-&t*J gfl^rtp 

^ct-Qy- 

C-T&L-^ O *■ $T}*<    C-i-i *4"*7. 

P**~B?<*.U> fff*€*&r) 

K>s-c?~o y 

UJ U r(i JL 

<$Sa,*~i 

U>T   j&r^®** & 

^^pr,s 
/""I i c-  £~-rt*,*J 

U7~&t~iL/  & < 

Cr SUXJ O Y 

Uj£^>j~?'r' t 

^M '    Q ^ 

CT g L^U Q K 

{j^T i>^a/t-t> 

i*j*fj Or- 

Pink Oxford / 
White Oxford 

Bundle #3 
C^H-'-^"^i 

#*-1 f (—-■ &-»<-^?£--i~-i 

<^4^ 

60 <w /    cry 

^jty /^-**7 

V <£" <L~   gr>> 

C-f-t &s*n 

p6-*-i cryc 

P~+s*C- cr~?~ 

<£*~f<4"~) 
w^c- cry 

l>(<~!2i.<S <$^-€n9l 

S-C*~f o jc- 

C..4H&* 
'U~ £ry 

1~->H) tr* 

C^H^-n 
p£c Z?c U C**<9 -* 
f~^c,<L- Ö~7L 

PZ*C Qy 
■Z>$U<-3L.O 2?sLd>*h£> 

£^<j-t/4-*~l 

Blue Stripe / 
Yellow Oxford 

Bundle #4 
£_T'K^ cr*. 

s*~* g £-7rt-*£-g- *~-> 

O/, gj-S 

<x>/-< r &~\c* 

f~.,.f-/f^^n 

UJ **tr■ß-'ö/hy 

CTBLu 

F^ cn^ 
Cl     {2t~J £Z'~vr*9-.l 

P/**>i.*C~ £ry. 

±£i en** 

gw   IrT^^r, 
)^j /*-f 

/*■** /{^ £>»'"'-<£ 4? —^ 

LsTffLsiS /$*-"*-er*i.f} 

L- *~t/9~n 

^fS-(~ <^~y~- 

Pu-Bl^i* J2s~e5r*fr£i 

cr" g<H^ /?-* sy-v^ 
u^S-*P-ri 
Z0*-^ ^C- <y>  

<L;    g^-»^ <g" 

^^-W      Q-*. 

056 
057 

^/^r g?x- A-^/i-   €~-^t-^'£ ■—* f>«*«^ cy^ '-x^^-/ ■ gs2-0-*>; 

CT zrc..<y H^oAff Ctr sf~*~i P£J~/ a-*, g<V firms'* 
058 
059 
060 
061 
062 
063 
064 
065 
066 
067 

gct^ jr-e. -o^ S 
£.7"^ g c. Q> g> lc CW ̂ _ y<g<_ £>-^. 

uH^^fa^ P<^W    OA 2>fZa.-Bi,-%j ;?^ia^g. /^■^> jg_- £>-?C 

P&A-o*-*  Q X M«y,r- g >*■ pc-*y   cry;- l^,h 7- &-*>.. 

CT- 3i^<j    O £ Cff***~\ y>t*j *t" O~H. C^*i jg^-^u. • 

P/Q^<C   o ^, i70v   <P *- U-J /T?- <i> >> P>OüUf   Cr-**, 

UJH D  X p/^> nL~ Q y- PfC BCjj 8*<F)# /. >       /g'-^ptC & fc 

/, ■ £ ~* T> K ..5 

'/wii-üL. (ff-y 

P^-*^   i7> 

P^j$*L-  cry. 
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Bundle Names 

ID Chambrey / 
Chambrey 

Dark Blue 
Broad Cloth / 

Wendy's 

Pink Oxford / 
White Oxford 

Blue Stripe / 
Yellow Oxford 

Ply# Bundle #1 Bundle #2 Bundle #3 Bundle #4 

068 
069 
070 

f*}*i*"   Q* 
C'H&s^ Z 

trBcoK-sn-ff- PAstr&Cu &-i&/hb CrSt-tse* $rs*fi- 

is-Hr &s-&*ht> CM-^h^l B~is » r>w P /j 

PecgCijßs-w*/} **jHr~ t?-yt> t*s *~* T- cr-y-  

071 
072 

.Crjc^ & * jTl^r Key   5r/t ,„fcff^„<f„<h'g>y^ 

g^z frr?"** pCi-i  £nc 

073 
074 
075 

r<.-H ox- V>£<- £y-^ 

<fS C~ O K Pj^JiC   iT~%- C*i *h -~7 

fj'F^^ f%*H>-&*> jSJL*LS    $Y7L.*/*<? U~* t-t 7~ £>/*-&->f-l> 

076 
077 
078 
079 
080 
081 

/Vw.'--C-     Qr%. pc*H a~ic pf~*t-^i.tj £~*~a** 

PJU*    Qjc V^C- CJryC L.T" JZ-C-tJ A'"<-Xir**-'t> 

'V^C-  Q*~ T^>^-a^ r ■•" **— er-*«. 

CT3t~i/ a^Sn*'*- us£~-'V> r- S ,Y-~V   <^+- 
gC-V   fn*„P* t-\Jf»( 7~   Q-V£. PC-H o 

K"-. ' M»»j Ct H CJTB<~~LS &f- &T3"'- 

082 
083 

pt~L.  g?£,J-   jfsX&aV-ii 

Cb 
Jp/Z. £i-u %>*&» ft 1?L ^T^tt^^ 

&s*7 «-O^-JS« trS D*CJ?t,W ß*-err*-i°. 

084 
085 
086 

Cr 5" co/ v )o ~J./*J> .7"~~ <^~7*' £*i*<h<~n 

ft ft— 6-*z*&*C- C*~i'^"-j fi/L- c~***<£<£ ~ 

is}*> 7~CS *■ pi,c gas B*^Qr*i,j) t*->A* T-jTlr-. 

087 
088 
089 
090 

l^^^p Y'f f>o^e<— Q—f^ fo£~-*T> ;r"X 

u^*-t r~ o * L->/~4 : 0-& L-T P ±^> tnt 

iyJ.—<Z>f~"f ' ■;..,■,,   s-m** &~ K^riT' ^-t^tr**- f) 

?-l/1—   C-rx*&£, <s „fW^y-cV C**>*ßv 'P r > 
091 C-j-fVg-t Ofifs$-**> t\jsy 7~ &"~t 

092 CT'ffu-^  C y. uai-<~> &-yt f^-.'C  c-*%«£^ 

093 
094 
095 
096 

pr£* 3i*t> 0-->*-ü>s?O    WS- C—inr-f^ £JB4~U>   ry^ 
L*JJ~< >   &s-cr7Q 2> K<~KJ  gT-yg-/-^ tZ*t* S$"*t 

t-T'&^.iJ J?s~€*<?P J?i*~ivt— £r-pi (\.j H r~~ &/^&-*ä>?~> 

P*~> «L, £ >c m^^it i&"*—i PK- Sco' 8^tr^t> 

097 S-^g: <- <o *- <**J£*J> p> tf$ i B <--<y   s r-*~ r*>f 

098 7>€>H   £ K jssjr* ?~ <r>£- erst. -J*L 
099 
100 
101 
102 

cJTStrp & nir)*'* J^yl    £'   <S    T>     ?-*•   S ye-*-*   cry- 

7Z*-KJ>  $ TV**. ]>JZ*c &c.jsj£r^<t£ y & i- o*f- 

2>*a- &ci>> £--^#1 £> C*~(/«h*~r&^y ^>fN^/C- Q-%, 

u*£^7> r- r i—~r s* t~xs €t~f- L..T RL-U  ß-'^O-^-ß 
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Bundle Names 

ID Chambrey / 
Chambrey 

Dark Blue 
Broad Cloth / 

Wendy's 

Pink Oxford / 
White Oxford 

Blue Stripe / 
Yellow Oxford 

PIy# Bundle #1 Bundle #2 Bundle #3 Bundle #4 

103 £~T jgCvt £>"V> WM*r ^^cn^h£> ,&,!r.vS7*,^'*V 
104 O f-< 7~ £>#%-& s&p UTSL^%J er** pc-tf cryL 

105 P7t U STTUPf Kf<£i— £STC p*^i<£- p-% 

106 PCfi-t   o -%> &>*■#-&I*<J g'^&Xb i,r 3t->y is-x $77rS 

107 i,,..*H r~ & A. /&»u/6C*   D~7C Y-tZ-i- &"+ 
108 OH'*?<*? V/££_ (15-TC £7" i?*-^' 8si*nQ-!> 

109 T>u~ l?c.<s O yu /-at,,; Jrw*/»/ i-w ,w 7" t&S*^-r+ '€> 

110 Vv£ l~- o  % ^-T'ot-t^ c^S-v- CT' 3i,-^ sr~>- 

111 •p/^t tC~~- O yc p «*«_> *C.    £>TC UJ« r" <«^-^^. 
112 L~r-J?c tJ 3<*u> *&J> £-r'<w?t.v>, *3rx /. ,.£..-»?> 5^ S 
113 ?r.H OK ?*<^*y önt p/Z~vL Bi--i^ A^-€Trf. 

114 Bt.MJ s-rsL C7~j3C'ts #->* C..U* A- -*7 
115 1 *-, ..^ ,•> y$ KJHT- cry. /*-i J~i-   £—j***&>g *■>, 

116 1 Ujf-iT- o-y- <L.j£~*T?<r* S i**s f~{ T~  &*/* 

117 1 d^—f sf-r-*i ' C~J *" T"  £?-•»?» ^) <~~r~ 2?ir.<S<3-f'*<&**' 

118 1 L^~t2L~is> a^~ <?-•?-( -*?-"■""» F*£-^ &**. 
119 1 P #<- 'ffC-U £tfi&&*'. PtfUC ,&£. Ü 3 s\y?*?i C r&L-u irv &r?/-K 

120 f,w>/-< r &■•"-&■■&'!> c~"£~'£> v- S t~M~r Sv^tr-x-'b 

121 VdTt,  £r*~ ZXU^ffi, ^grtSr?*/* €~-f-f *h**~i 

122 LZT&ir-iS *>?«#** A C^/9-^7 l*J W ?~"  ^TC 

123 PW^OA (<rr~P^^ <?-*■ K->fi-f'r"{->~?,:- 

124 PcH Ok. t*j>/£-~* z> y< i^-£—J7> V.$ 
125 Ici> 4f^W<f »......• y-/>~ &'?*&-** b /-<. 11-- £^~€: x: «-J 

126 f ttf>~ 5,*Tt*>*P> KJ J? iV> v r C-T i? <*-^ <3-*- 
127 <-7"<?L-tx»   <yv. C-/Y *?--*♦ <X*-r7»_.i^ CJ*-*^- 

128 £*_» ^—• j^> -f 5 i-^—■>£><-" 5 8<~is>   5 T72-/ /^< 
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Appendix D - Initial Experimental Results 
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Appendix F - Pre-experimental Calibration Test 
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Appendix G - Actual Experimental Results 
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£M/h~i&"+ 

*£> 

i $& 

UsHT~I?~0 
*v£~ ß* 

us 
t>r s 

t^,e.-'j>¥s 

i(>C •*JiJ 8^*^t> 

(67 <~TBL. o*irt*< ■ 

ist 
pp v,s 

<_T8<-0*OT 
' )(.<& t-r B-*<+t> 

/lit ^«S-'flfi 
i ?t 

VP V,? 
M"t"|/tj> 

i?2 c~if 3+-o*& 

f?% njf^P-TS 
/0O 

pj> H,$ 
UJT ff/tsAP 

i%t i^,e^>>Y'> 

i4>2 >^7~Of- 

G-ll 



Bundle 3 - Page 5 of 10 

Person. Running the Test 
A74   tft*J 

Date       7//l/fI- 
Time Started         .                                                    I Time Finished       #,,.„ 

GENERAL BUNDLE ID                                          ff~$Lß ^ r- ) PAGE 
£     of  l» 

BUNDLE IN LEFT FEEDER BANK 
A or/BMCircle One) 

"BUNDLE IN LEFT FEEDER BANK 
B or^ (Circle One) 

"Error Error 

PLY 
rs 

TYPE 
mispick 
doublepick 
other 

PICKER # PLY 
top (# + desc) 
offending 
bottom 

TYPE PICKER # PLY 
top {# + desc) 
offending 
bottom 

(6,5,4r3;2,1) 
doublepick 
other 

/Sf 
r-\& 

f 

Vfctt. Of- 
IHO UJ7- P-*O<*I> 

l<it gt-oS-r* 
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Bundle 3 - Page 6 of 10 

Person Running the Test 
#■74    +ru ^ 

Time Started 
9-OÖ  <Q"~1 

Date 
T/z^/fT 

Time Finished 

GENERAL BUNDLE ID 

PLY 
#'S 

IS 

£3 
it 
11. 
75 

to? 
~W. 
Mi 

HO 

HL. 
i<( 

UL. 
til 

ff^> A-/QA/ —      (V) ^ 
 £ if $ pr-\ 

AHij'^r- 
PAGE 

«"  of r» 
BUNDLE IN LEFT FEEDER BANK 
 f% or B   (Circle One) 

BUND IN LEFT FEEDER BANK 
or A   (Circle One)  

Error Error 
TYPE 

mispick 
doublepick 
other 

HP 

nP 

np 

rP 

r\c 

A-1 P 

vr 

pp 

pp 

PICKER # 
(6,5,4,^^4) 

6     U 

4.tf 

H 

^ 

4- 

H 

s 

r 

PLY 
top (# + desc) 
offending 
bottom 
c-kfa M <j&. 

1~>T&U? 
ORX-Zco 
Jsj2ZO£- 

C^T&A^*: 
r>£c t?<-u 
WL«-gy 
UtAi« 
fc\£.  bt»-*! ft 

feUm iky**- 
0<fiJS- !?&»£ 
Pro^   »X 

TYPE 
mispick 
doublepick 
other 

HP 

Ail T> 

HP 

/1p 

C^t <*--*> -tfit-c 

PICKER* 
(8rSr4r3,2, l) 

X h I 

9- 

3 2. 

PLY 
top (# + desc) 
offending 
bottom 
uUrWc^k 
Pails fek-i 

(AA U cXfC 

£o>~'   "S^ 

&*<- €><~Q 

fr^P»*f 

TT^ 
0a\£. WLc~ 

1%L 
t&.0- ffi-lde 

t^Jifoptr'J 
£>*Ot^.gC. !■/ 

..ig-l^fc-s 
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Bundle 3 - Page 7 of 10 

Person Running the Test             .    ^ y..    ^ /O Date           /      A f 7/ / J /1S 
Time Started Time Finished 

GENERAL BUNDLE ID         p^^ /^                         & &~- PAGE 
&7 of P& 

BÜNDLE IN LEFT FEEDER BANK 
A or B   (Circle One) 

BUNDLE IN LEFT FEEDER BANK 
B or A   (Circle One) 

Error Error 
PLY TYPE 

mispick 
doublepick 
other 

PICKER # 
(6,5,4,3,2,1) 

PLY 
top (# + desc) 
offending 
bottom 

TYPE 
mispick 
doublepick 
other 

PICKER # 
(6,5,4,3,2,1) 

PLY 
top (# + desc) 
offending 
bottom 

tit 
PF s P£A-C*( 

t»Pl 0**~* 
if$ ^£<^ 

(■>(> 

pF (/ 
CA'M. 

l5? i^jTTO * 

l& c**n **. 
;;v 

pp *+,$ 
£wf~i 

(if 

lit 

kj>r s^&o-j) 
C*i+fV^ 

/«f 

PP H 
sc-^>,ir 

I ?o S- t-tsh^l 

IT is^L. 

no 
J>? V 

C*44*" 

i?i <T"£(- 

I7Z <rf •****-'*< 
177 

PP s *r<£L- 

177 CH^~I 
r7H P<Z*HS< 
t ?v 

PP V 
F>4£*CH 

/ 
/7-S" L,Hrs*u>* 
fi Tt 0/<?s 

PP ^       c 

K>rßst4*K 
AifTi-C^^. 

rfar TB<~ otsrr''' 
!?(■ 

pP ^rS 
Lrjcovsn* < 

/?/ WB<- t>fl4>4i 
17% r&'K* 
na 

pr V,S 
<PA*<W 

171 ~S-t'<- Cv*-s* 

mo P6*C*< 

iXo 
T>r V,?,£ 

r*-#o*< 
> tet LrBc sntsc 

i(tl p<£**-Oi-1 

iti 

PP y 
LT£«~ rrtt •t 

it? f?£4c~H 

/.*3 ,^*£~>£>TS 
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Bundle 3 - Page 8 of 10 

Person Running the Teat                                 , 
4^/4      -f ^-7 AJ 

Date           /      / 

Time Started                     „        >,  Time Finished          _        _  , „ ^: v? -""'s 
GENERAL BUNDLE ID                     /                      ,«•> ££^V- PAGE 

$  of & 
BUNDLE IN LEFT FEEDER BANK 

A or B   (Circle One) 
BUNDLE IN-LEFT-FEEDER BANK 

B or A  (Circle One) 
Error Error 

PLY 
#*s 

/#2 

TYPE 
mispick 
doublepick 

I other 

PICKER* 
(6,5,4,3,^4) 

PLY 
top (# + deac) 
offending 
bottom 

TYPE 
mispick 
doublepick 
other 

PICKER # 
(6^4,3,2,1) 

PLY 
top (# + deac) 
offending 
bottom 

yp 
?£+c*t 

/«J? u~£*"Pv$ 
/»f \sriro r- 
/«? 

p? tv 
U, £*jpn 

f f(H <^>r of^ 

/<?? 1*1 rt.  £-fW 

/«(5 
J>P $ 

LT&-0* sr ■"A 

/S?7 ' c»-£->S»r-<, 

/#* t^.w7~o r- 

/ 8 S 
pp y 

tMHTOr- 
V* /«<? LTSc sr/, 

/fo [7<~/ic~o 

I 7 *, -Pc/^S ^^ 
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Bundle 3 - Page 9 of 10 

Person Running the Test        , _ „ 
f\7A -+ /*-? AJ 

Date    ^/^ 

Time Started         q.c^rt Time Finished 

GENERAL BUNDLE ID                          /  „      , <         ß) tz~i i~f+r 
„   PAGE 
1 4 of /&• 

BÜNDLE IN LEFT FEEDER BANK 
A olffTXCircle One) 

BUNDLE IN -LEFT- FEEDER BANK 
B oifX) (Circle One) 

Error Error 
PLY 
#'S 

TYPE 
mispick 
doublepick 
other 

PICKER # 
(6,5,4,3r2r*) 

PLY 
top (# + desc) 
offending 
bottom 

TYPE 
mispick 
doublepick 
other 

PICKER # 
(6r5rM,2,l) 

PLY 
top (# + desc) 
offending 
bottom 

--f- 
HP 6 

tt MA-JL «Mr jk| 

f H ;f- !viv«tn 
<? UW<e ox 
if? 

nc £ 
ft«cL 

K a- Viv wc^ 
i1 tie Wf- <^ 

^f He O 
Ck*^«^ 

^MF 5, f 
(AKS-.WK^TO^ 

?J 0<M.£   JIUAA. V^tK «3)>*JL... 

5] CK»*" Vv**f . CK***W<»v 

«*t* 
-"i^f 

J 

rtP «2 
Ve^u 

w-r P(>AiC-   V <V>-£- 

<rt ft*-U~- 

5" 

~*5T 
HP £ 

Ck*i^Vr«^ 

ne 2, 1 
(;/^>-> br<V^ 

0M<E- VWt- PixvlC.  (>&CL. 

■ff^   0<* f.-«UC   *,v 

?,? 
t\f ö, << 

d-OHvjOCA^ 

ri fpiX bU*. 
fo f«*cK 
C* 

Kf 6/~f 
jA.'tr o» 
iWfc  bUoi- 
Ckomb^iuf 

6J? 
p? <■+ 

fW>-     ' 
r\f ?,   ( 

fdo-c.^- 
6rf PrV\£ fcUt, • VoxK. Ii iw. 
£<? O^^rA-H CJ~ *.►*'»*'<'*** 

d' 
n? k- 

C?VA*\ tJYAf" 
_v 

U1 
ao 

tif S- 
Utn^ 

V{A v. fekt- 
</c Ut>i\«kri 

»wr 
nP ZL- 

Ci^^>«.(»V«^-] 

IM 
m*- 
\h 

OP 9 
UK'tj fcvj 

t.?i i-JtW^) 

IS5- ^Kite" ovc 
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Bundle 3 - Page 10 of 10 

Person Running the Test 
4.7,4     -f /*-? AJ 

Date      q-//f/*«f 
Time Started      c\:£c ßtf Time Finished    IQ . £0 #K 

GENERAL BUNDLE ID    , r/.. L, / a,    *-          /g^*) Ch PAGE 

BUNDLE IN LEFT FEEDER BANK 
Aor(f (Circle One) 

BUNDLE IN «äFf- FEEDER BANK 
Borft! (Circle One) 

Error Error 
PLY 
#'S 

TYPE 
mispick 
doublepick 
other 

PICKER # 
(6,5,4,3*^-1) 

PLY 
top (# + desc) 
offending 
bottom 

TYPE 
mispick 
doublepick 
other 

PICKER # 
(67-674,3,2,1) 

PLY 
top (# + desc) 
offending 
bottom 

tfl OP 3 
lAir^&iyl 

tf?- OYft/äOf 
»Jf7 Ur fo&v 0'< 

(3I 
Hf </<♦ 

öu-A ri'K/6 
ttf 2 

fiW- itr,'fc 
(.rut w-,/ tijvit  McÄ- 

^r; 

» 

  

TOTAL    I<?3— <"L<ei 
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Bundle 4 - Page 1 of 5 

Ö^^eCJAt     . $tS^&(~>£    & H 

Person Running the Test Date    =r/l</V 

} 

Time i Started          (Q.j^  ^ Time Finished        .   _. 

GENERAL BUNDLE ID     ^ Skv ,-f c ^ y ^ p x     ^ 
fi-t c~*r 

PAGE 
1    of 

BUNDLE IN LEFT FEEDER BANK 
(Al or B  (Circle One) 

BUNDLE EN-fcEFT-FEEDER BANK 
(BJorA  (Circle One) 

Error Error 

PLY 
#'S 

TYPE 
mispick 
doublepidc 
otlier 

PICKER # 
(6,5,4.3rar4) 

PLY 
top (# + desc) 
offending 
bottom 

TYPE 
mispick 
doublepick 
otlier 

PICKER* 
(6^,3,2,1) 

PLY 
top (# + desc) 
offending 
bottom 

2| HP 6' 
£K<jw>«. Jjyivj 

S2 ft)AK. buw^. 
P? (*: Wu.«<Jfe$: 

?f KC 2- 
V,~r\f-   «x 

7^- !'AAS   WM4_ 

7? L{ t,t~~ **&, 

H<\ 
H? ^ 

Vexieu 
\?6 VOX*- fe<A^<L 

f I it i»U-« Jfcw 

u s- 
HP 4 

UltivtOii 

H3 V^SÜv!" w<*^*- 

,'.'<+ {JKü. "^. fc^*^ 

J2_L n t 
Uk;tr (*•/ 
u^otji h-ciy 

u^ \K/V,t ök: 
}i.i 

HP 4 
(jb i>^«c/ft 

rtP 7,2-. 
U   W.   e«  SC 

iU p<u.ts. Uv*- Ihif- v&v*_ 
\l% f?U~e  iK'.'^ä- 64UA. ■itrrpiL 

* 

ToT*u   --    U1      p<-«e.r 
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Bundle 4 - Page 2 of 5 

Person Running the ' feat        ,      . 
4-7,4 -f. -"~7   /O Date    ^(\ifl$ 

** 

Time Started    , A   r   . _, 
to; «5o fln 

Time Finished 

GENERAL BUNDLE ID   ßuXt-    s^i&^euau c*       (g) 
Aj(-*r 

PAGE 
% of 

BUNDLE IN LEFT FEEDER BANK 
A or (B) (Circle One) 

BUNDLE IN «EFF FEEDER BANK 
Bor® (Circle One) 

Error Error 
PLY 
#'S 

TYPE 
mispick 
doublepick 
other 

PICKER # 
(6,5,4,37-2^ 

PLY 
top (# + desc) 
oftending 
bottom 

TYPE 
mispick 
doublepick 
other 

PICKER # 
(6rSr*,3,2,l) 

PLY 
top (# + desc) 
offending 
bottom 

2 
AnP ^/ 

gc<s sr=<. 

•3 T>*c^£-&■<-<* 

^ er&t-cv. 
/£. 

**1 P 2 ) 
CJJ+" 

t? D^Jti. 
/« <^£~>e>rj 

2V SlP Z 
V-*sT<- 

<JT8t- e*. srv 

?..? A>/-~"< 

?-? /n P Z 
Sc   STt-j^i 

?¥ PXXSi- 
?< ^T gs<-o*iz> 

H7 /*-} P I 
<ZtS/hi 
O't'&C.'S 

H9 scurry 

<1 

hf* V 
CTSLB"**^ 

$1 t>iC /2L.V 
<< L>T~ {?<<*> <4 ii 

?•$ 
L>P ? 

pifijuc 

«4 (-xS<-$'~°*t 
QG T£4-c>Ji 

Id 
PF s 

LJ£~>PY 
z> crct. &wt 

is£<-i^e+J 
/" 

PP s- L->rf t~ 

* 
//^ OAjp*; 
Hi t-Tß<-ö* vn* 

M* 
?P 5 

ffc sr 
/•/* /*&-#■ <^r 

i7' f?r-*J1 

,27 
Vf 5 

(_M-t-~> 

/29 {WTO/ 
C2f «?c ?T/i 

i 

/2f pc/^5 
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Bundle 4 - Page 3 of 5 

Person Running the Test 
-A- /*-7 /\J Date   7//£/?S 

< 

Time Started    i i i   i r ■-* 
'lime Finished   >, . <zc A^ 

GENERAL BÜNDLE ID      _ sr*.  / V<£o  fjf)     ^c_ur 
PAGE 

5   of 
BUNDLE IN LEFT FEEDER BANK 

fAor B   (Circle One) 
BUNDLE IN-LKFTP FEEDER BANK 

nhor A  (Circle One) 
%~~           Error Error 

PLY 
#'S 

TYPE 
mi spick 
doublepick 
other 

PICKER # 
(6,5,4,3^-*) 

PLY 
top (# + desc) 
offending 
bottom 

TYPE 
mispick 
doublepick 
other 

PICKER # 
(SrSrt.3,2,1) 

PLY 
top (# + desc) 
offending 
bottom 

?/ 
-•"1 P Z. 

'"'•vüt 
7? <r?/C /y-^ 

.J? ^rgcci. sn* 
«r 

A?^ H 
<*■£<- 

<o 0*1 8<- 
f! Cracafi5T<S* 

$! ?? 4 
Px.#c 

<jr 6 c,o f-sr/S' 
<?2 L*>*s£>'rJ 

<?> 

ff £ 
(Jr  t>b*-L S-f Hi 

fi UifMfVJ- 

$3 fWK 

"Tx" OP 6 
oA«k^i"">^ 

Vfi.U.ifV 0* 

C,3 f.VxfC     ** 

IK rtp 5 
Q*X. [<- bkv4 

nr GK*SVA ki-^ 

n<r Hi'<- 6n5£A_ 

ii? HP (-/■ 

a *i*o * ;fy y\f n 
6- 

Ü-Uu   ox fk£. 

<M P«x K wi.t~e- AAS- \,Ux- 
it-f tfr frtx, <b".JK k>(AX&- fh'-'fC 

< 

13U(I3) 
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1 
1 
1                          Bundle 4 - Page 4 of 5 

1 

Person Running the Test      ^?A      + ,-, ^ Date    *//<j/?5 

Time Started       , n , _   ^ Time Finished \i • ^ f n 
GENERAL BUNDLE ID    0Laf r-flre j ^Lua        rfj\ 

/Zjc~Hr 
PAUE 

<r-    of 
BUNDLE IN LEFT FEEDER BANK    g     BUNDLE m-fcpT^FEEUEK BAJNK. 

AorS) (Circle One)                   1                   B or ® (Circle One) 
Error Error 

PLY 
#'S 

TYPE 
mispick 
doublepick 
other 

PICKER # 
(6,5,4,375,4) 

PLY 
top (# + desc) 
offending 
bottom 

TYPE 
mispick 
doublepick 
other 

PICKER # 
(6r€r4,3,2,l) 

PLY 
top (# + desc) 
offending 
bottom 

± 
Hf If 

tftVs. ^4v: tc 
ftP *,' 

ßLie  S'fyx&L. 

3 \>t>K(- W<<- Out u^i.. 
S- \Jr\kxsiX IA  W*VL <>,* 

\6 
ilf ^ 

LM/SftnW*~J 

ne K< 
(Ji.Ar*br<t*i 

fr Oaf\K  i< t!*—«— AMS- Äwt- 
«1 CJCA&JV? W;W*M 

?? ftf Ct 
i>6^7fcr.> 

rtf z. ßiw. Sis.?*-. 

7v P(*ACC Giw*. PM£   ßlv.ja- 

7.5' k/Tvi-t; iWciÄ /A,-<r **/ «£* 
</G 

HP 0 
6tWn ky<U( 

HP 5- 
CkAmtra-tj 

<*£ Pt*\t sXvk. ftutc i>0~K~L 

v/ (3U-&. jT>7<>e W-IM. ft-K <?.<>- 

DP 5 
ÜkbLiri 

1 

CAcxmiyo^ 

14- (JhSfr ü'jr 
7? 

?P (-t 
C-Aaun fad-1 

q i^. UrJrt <^< 
1!f OvLrA.* 
toi 

OP S 
«.-. n#f«_ 

(aJ- WLfc byvW 

(•1 Ü- 6tv eA Jty; 

In"* 
DP <+ 

W«.N<tv>      w 

i-T U- W«A<iw<J 

f«6 ^tilms ox 

It I 
•     Of 5 

Ci)v"<j" or 
111- li(?«^Hy 
Hi u Iw^Jty 
If? 

DP 5 
"fcün-> 

U"l £*r fcC~ CrW 
IV? CM ll 

/?.£ 
DP 5 VijuL. 

(IT CAflL/TL  *Wjj. 

i%? fiJjt  °^ 

Töa ^ Qi# ft' eJ" 
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Bundle 4 - Page 5 of 5 

Person Running the Test Vff/f 4 7 A     + '~> 
Date 

Time Started )%:3o Time Finished 
12 - 9-5' 

PAGE 
5  of 

GENERAL BÜNDLE ID     ^   s^l(>£ /^LU)U    (£) 
/Z./C-M I 

BUNDLE IN LEFT FEEDER BANK 
(A! or B   (Circle One)  

Error 

BUND: £ JN-fcEFT- FEEDER BANK 
or A  (Circle One)  

Error 
PLY 
#'S 

(v 
Hi 

M. 

TYPE 
mispick 
doublepick 
other 

KP 

rW? 

PICKER # 
{6,5,4,3r3r« 

GM 

6 

PLY 
top (# + desc) 
offending 
bottom 

TYPE 
mispick 
doublepick 
other 

0- IQutwJr 
P^K t&-t.' 

the**\l>* 

TTä 

7* 
%ÜT7? 

'rfc^ 

r fc^tt ^ /fr) 
r^f 

PICKER # 
(6r6r*,3,2,l) 

^/ 

PLY 
top (# + desc) 
offending 
bottom 

CM^y.zy 
f><uic kU 

Ur fa4-£. 'A- ̂  ̂  

n 
tW 6. 

^CMJO^ 

\)AAt- !><*-<. 
Ur~t>U<!'xM 

ftf 
lof 
He 

DP 5 IE w_ 

JiX 
It^-- 

Mf 5 
H9 
,W_ 
!^l 

DP $ 
...Uty&Jxi 

CA»>~^',4-- 
Kitr for- 

Jil 
ft c 
12.?- 

KP <f 
0: ^ ^/^ 
PMif- Uv rtP 5. 

6t-  #u.s  <y7»/# 

^6WL Jiff<. 
P&ifc 6£ 
<?0^.   Jfr.,fe 

(7U1        ^   ^^ 
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Appendix H - Post-experimental Calibration Tests 

Test 1 -   Page 1 of 2 

?C$r £(S£.^,^<f->l     Oso* *^r,£>~j     <£■$? /■£■£/ 

/222i 

P±S5_ 

Person Running the Test 4^/4     + •"-? /O 

Time Started 
J '.£>Of"~^ 

Time Finishei 

Date 
7/^y/ys 

V- 70 
GENERAL BUNDLE ID 

i~ f-ttT~#~ /z./ c-M r 

PLY 
#'S 

w& 

BUNDLE IN LEFT FEEDER BANK 
 fÄ")or B   (Circle One)  

Error 
TYPE 

mi spick 
doublepick 
other 

#1 

* 1 

Z>F 

<n rjx,.—. 

/U I" 

■&■ 3 

PICKER # 
(6,5,4,37^^ 

/ -11  I?L~/ -£-^       AJ2 ■■    /-*-<$ r 

ßt^-^p^^y y^-> t7TC*n£ 

S 

3 80 

STZS*>£jg_ 

PLY 
top (# + desc) 
offending 
bottom 

3SO 

■3±± *r 

3 77 

fTC~{£.*>, 

Xot>      P* 

PAGE 
of 

BUNDLEJN-fcEFT- FEEDER BANK 
(jpor A  (Circle One)  

Error 
TYPE 

mispick 
doublepiek 
other 

57-^^K. 

$7->f&f,    AXiS AC*&"~*'t5 

£—•?> o>^ .?<-'—>& 

• *£S 

PICKER # 
(6r6r*.3,2,l) 

OK- 

j\f /$Sf-<LsC^*s- €_ 

PLY 
top (# + desc) 
offending 
bottom 

.„ 1 

-7/Zf/^'S        A«&\ cS^*^ -r?£-'z> ?~- 9&o 

DP El 

P/V& H^    .pl'^Wr J22S. 

pp<> 

TP5 

•73 C 

7 31 

<?.'^S 
r-   ~> 

H-l 



Test 1 - Page 2 of 2 

Person .Running the Test Date 7/2) ns 
Time Started Time Finished 

GENERAL BUNDLE ID                                      . 
/i/ £->* r- 

PAGE 
of 

BUNDLE IN LEFT FEEDER BANK 
/AV B   (CircleOne) 

BUNDLEJaST-fcEFT-FEEDER BANK 
(B}or Ä  (Circle One) 

Error Error 
PLY 
#'S 

TYPE 
mispick 
doublepick 
other 

PICKER # 
(6,5,4,37^4) 

PLY 
top (ff + desc) 
offending 
bottom 

TYPE 
mispick 
doublepick 
other 

PICKER # 
(6rSrt.3,2,l) 

PLY 
top (# + desc) 
offending 
bottom 

PT4-S-&~  Ai^j 1 

??*>* «'«V   4y >—J 6-5 

-2^5 
<—i 

7HI 

PF5   7*i .? V     <TACM .t£-~r- 

P/'S 
-, ~ > 

7W 
jC/^JKr-^-Z- 
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Test 2 - Page 1 of 1 
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Appendix I - AMCIA Example 
(Based on Scenario Ol.b From Appendix M) 

Directions 
The Directions worksheet is self-explanatory. 

ipL^Ji 
CLEHSON 

CLEM SON    UNIYEKSITT 

APPAKEL    MANUFACTURING    CAPITAL    INVESTMENT   ADVISOR 

Version 3.1 
June, 1993 

Clemson Apparel Research 
Pendleton, SC 29670 
803-646-8454 

DIRECTIONS 

Enter the INPUT in OUTLINED boxes like this 

S haded boxes contain the calculated RES ULTS 
(you can not enter anything in them) 

Positive and zero values are shown in BLUE 
Negative values are shown in RED 

To analyze an inveslment using AMCIA: 

1. Complete the "Company Data S heet". 
2. Complete the appropriate worksheets. 
3. Consult the "S ummary Table" for the results. 

1234.6 
-1234.6 

ENDCFDRECTJOWS 
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Company Data Sheet 
This worksheet accounts for basic company information. 

COMPANY DATA 

■ 

Company name: 

Project: 

1 

Year? 

% 

% 

Number of annual working weeks: 

' Interest on trfe 3 month U.S. treasury bilC. 
(or another rate available for a safe 
investment such as the yield of a 
treasury bill rhaturing in about 6 years) 

Company ta)5 rate: 

" Fringe benefits as a percentage of payroll: 
Direct Labor 
Indirect Labor 

Estimated a/erage unit sale price of the product if you' 
were to contfhue with curre'nttechnologj'(dollars): 

Yearf         Year?         Year?         Year 4" 

49" 

6" 

35" 

23 % 
% 25 

Year? 
|           10.001           10.251          10.501          10.751 11.00 11.25- 

Estimated number of units to be produced if you 
were to continue with current technology: 

Yearl          Year 2         Year 3         Year 4 Year 5 Year 6 
I         932262I         932262I         932262I         932262I 932262 932262 

Estimated sales of the products affected by this decision if 
you were to continue with current technology (dollars): 

Yearl          Year 2         Year 3         Year4         Year 5 
:>::::-"932S62K:::;:::::;:äSSSBSe;:iÄ;:;::9*B«?5K:S:::;i:B«2:tB:j;p;ft:::i:825*8*2r 

Year 6 
igg:»*:«*»*«? 

ENOCF CCMPANYOATASHEET' 

Number of Annual Working Weeks 
There are 52 weeks in a year.  In a typical U.S. manufacturing facility each 
employee gets two weeks of vacation a year. An additional week is taken up 
by miscellaneous holidays such as Thanksgiving, Christmas, New Years, 
Easter, and the like.  For the AMCIA analysis the number of annual 
working weeks will be listed as 49. 

Interest on a 3 Month U.S. Treasury Bill 
Unfortunately, differences exist between the values AMCIA accepts and the 
values AMCIA displays.  For example, when a value of 5.6% was entered 
into AMCIA's "Interest on the 3 month U.S. treasury bill" cell, the cell 
displayed the input value as 6%. AMCIA used 5.6% to perform the 
calculations, however. To avoid confusion, all of the values put into AMCIA 
were made to match the values displayed by AMCIA, even if rounding of 
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input values was necessary.  Hence, although treasury bills had a yield of 
5.6% at the time this worksheet was done, the value entered into AMCIA 
was the value displayed, 6%.  Hopefully future versions of AMCIA will 
follow the WYSIWYG (What You See Is What You Get) software doctrine so 
that such confusion is avoided. 

Company Tax Rate 
The company tax rate for apparel manufacturers is 35%. 

Fringe Benefits as a Percentage of Payroll 
According to John Mahoney, CAR's Assistant Site Director, direct labor 
fringe benefits are typically 23% of payroll while indirect labor fringe 
benefits are typically 25% of payroll. 

Estimated Average Unit Sale Price 
Again, according to John Mahoney men's single-needle, long-sleeve, dress, 
shirts are sold to retailers for $10.00 a piece. John estimated that the cost 
would rise $0.25 per year over the six year depreciation life of the 
Clupickers. 

Estimated Number of Units to be Produced Using Current Technology 
Jet Sew 5001 Automatic Front Loaders have been purchased by a number of 
shirt manufacturers.1 * According to Thomas Mitchell and Sonny Sweezy, 
of the Southeast Manufacturing Technology Center (SMTC), these plants 
can be classified as medium to large manufacturing facilities.   According 
to Sonny, a typical medium sized shirt manufacturer has between 100 and 
200 sewing operators.  Assuming a plant has 100 operators and each 
operator works eight hours, and assuming a single shirt takes 15 minutes 
to make, this translates to a production rate of 3,200 shirts per day. 

From calculations described in the Direct Labor Worksheet (Equation D.L. 
26), the maximum number of plies that can be processed by six Original 
Clupickers operating at 99.50% efficiency is 3,805 units per work day. 

Note: Using the programs listed in Appendix J the actual value for 
Equation D.L. 26 is 3,805.15129359. To avoid accumulated 
round-off errors, the programs were written, and the 
associated outputs are presented in bold italics. 

As Clupicker efficiency varies so does the maximum daily production rate. 
Sonny's production estimate is based on a rough production model, while 
the Direct Labor Worksheet estimates are based on a more detailed 
production model.  Since the purpose of the AMCIA worksheet is to develop 
a detailed production model, the number of units produced in the Company 
Data Sheet shall be based on the Direct Labor Worksheet calculations. 
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There is one minor modification required, however.  The Direct Labor 
Worksheet calculated production on a daily basis. The Company Data Sheet 
requires data on a yearly basis. The Direct Labor Worksheet Equation D.L. 
26 states: 

3,805 units 

work day 
Production Actual =   (D.L. 26) 

This can be converted to an annual production value using: 

units 5 days      49 weeks 
Production Mnual =   x   x   (C.D.S. 1) 

workday        week year 

Substituting Equation D.L. 26 into Equation C.D.S. 1 yields: 

units 5 days      49 weeks 
Production Annual =   x   x   (C.D.S. 1) 

work day        week year 

3,805 units       5 days      49 weeks 
_   x   x   

work day week year 

932,262 units 
=   (C.D.S. 2) 

year 

Although carrying out the above calculation actually yields: 

932,225 units 
Production „ =   (C.D.S. 3) 

year 

The value (C.D.S. 3) is based on the rounded value 3,805 instead of 
3805.15129359 (see the note on page I - 3). 
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Investment, Installation, and Depreciation 
The values entered in this worksheet are based on Jet Sew's bill to CAR for 
the installation of three Modified Clupickers. 

INVESTMENT, INSTALLATION AND DEPRECIATION 

■Depreciationsource: IRS igSSjMACRSafter'Seiäecs 167-168, 15,686-y). 
"Assetsessumedto beacquiredlhyearO, viih Sv'earrecoveryperfodand half year convention. 

Investment for the project (a negative number, in dollars): 

YearO Year! Year 2 Year 3 Year 4 Year 5 
-120001 I I I I 

Original value of new equipment: 

Salvage value of new equipment 

Retra i n i ng etfpe nses (negative n umber) * 

Installation expenses (negative number, in dollars): 
(Include labor, machinery, consultation fees, transportation) 

Amount to be depreciated: 

YearO Yearl Year 2 Year 3 Year 4 

Depreciatiorfrates: " 
0.2" 0.32" . .       OVJ9Z* 9.US? 

Depreciatiorfexpenses:   " 
247T 3SS4" A37T 1423" 

Depreciation"tax savings:' 
865" 1384" 830T 498T 

Presentvaiue: 
" Investment cash flows: 

" Presentvaiue: 
" Installation, retraining cash flows: 

' Presentvaiue: 

Year 5 

S:::S<t«K:! 

Year 6 

120001 

-112] 

Year 0 Yearl Year 2 Year 3 Year 4 Year 5 Year 6 
1               -3561 1 I 1 1 1 1 

Year 6 

24 r 

-jzmxT 

-fes* 

EHD OF 'IHTESTMEST, INSTALLATIOIT AMD DEPRECIATION WORKSHEET 

Investment for the Project 
The plant being modeled produced 3,805 shirts per day (see the Direct Labor 
Worksheet Equation D.L. 26). One Jet Sew Hemmer can process a 
maximum of 4,500 plies per day (see Direct Labor Worksheet, S.A.M.). The 
Jet Sew Hemmer is fed parts by the Jet Sew Loader which is equipped with 
six (6) Clupickers.  So, six Clupickers were needed. 
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The cost of each Clupicker was $2000. This being the case, the cost of 
investing in Clupicker technology can be expressed as: 

$2000 
Cost of Investing Clupickers = Number Clupickers x  -  (I.I.D. 1) 

Clupicker 

= 6x$2000 

= $12,000 (LID. 2) 

Since the investment takes place in one shot, only the Year 0 field is filled. 

Original Value of New Equipment 
This value will be the same as the initial cost of investing (i.e., Equation 
I.I.D. 2). 

Salvage Value of New Equipment 
This analysis assumes that at the end of six years the Clupickers have no 
salvage value. 

Retraining Expenses 
Since both the operators and mechanics must be trained to use and service 
the new equipment, and since both earn the same hourly wages (this was 
one of the initial assumptions), the following equation can be used to 
determine the retraining expenses: 

Expenses Retraining = Hours Training x   (I.I.D. 3) 
hour 

where: 

8 
Hours Training =  [(Hours Mechanic x 2.5 days) + (Hours Operator x 1 day)] x   

day 

= 28 hours (I.I.D. 4) 
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(I.I.D. 5) 

and: 

$        $4.00 

hour      hour 

Plugging LID. 4 and I.I.D. 5 into LID. 3 yields: 

$ 
Expenses Retraining = Hours Training x   (I.I.D. 3) 

hour 

= 28 hours x $4.00/hour 

= $112 (LID. 6) 

Installation Expenses 
The cost of installing three (3) Clupickers was $356. Because of the way the 
Jet Sew Loader is designed, the effort of installing six Clupickers does not 
seem much more that the effort required to install three Clupickers. 
The cost of installing the Clupicker technology can therefore be expressed 
as: 

$356 
Cost of Installing Clupicker = Number Clupickers x   (I.I.D. 7) 

6 Clupickers 

$356 
= 6 x 

6 Clupickers 

= $356 * (LID. 8) 

Since the installation only takes place once, the Year 0 field is the only one 
filled. 

1-7 



Old Equipment Sale 
No information was available concerning the sale of used Clupickers, and 
so this worksheet was left blank. 

OLD  EQUIPMENT  SALE 

" Book value of the old equipment: 

"Market value" of the old equipment: I 

You'll pay a tax of: :s:w: 

Before-tax cash flow: 

Sjmmarj OJE  Old  Equipment   Sale 

After-tax cash flow (Year 0) 

Present value: " " ":..> 'vÄ':: 

ENO CF XXD EOUPMENTSALE' Y/CRK SHEET 
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Direct Labor 

DIRECT LABOR 
Present Projected 

'SA.M.(min/önit): 
"Base rate ($/rnin): 

Direct labor efficiency (%): 

0.1067" o.io6r 
0.066/ 0.0667" 

84.5589 92.4978 
Earned pay ($lunit): 

::;;s:s#;ae»ir 0 0077* 
Excess costs f % earned pay 
per unit):                                                               1        0.0000 
(Overtime, make-up, wait for work, machine delay, job transfers) 

0.0000 

Total annual workers' cornp. as a percentage of direct labor. 
not includinq fringe benefits. 

0.00 0.00 

"Cost($/unit)'                   "                   '                       ':     0»B«4" 8 ÖB77* 

" Implied charfge in annual production capacity (units):" 
Year!          Year 2         Year 3         Year 4 Year 5 

74« 11' 
Year 6 

Amount of the change in production capacity you wish to exploit 
Yearl          Year 2         Year 3         Year 4 Years Year 6 

I            740111            740111            740111            74011 74011 74011 

Snnir;     ot     Direct     Labor 
Direct labor savings (in dollars): 

Yearl          Year 2         Year 3         Year 4 Year 5 Year 6 
128                  121                  128                  121 WMMM. asiM 

Revenues due to exploited change in production capacity: 
Yearl          Year 2          Year 3         Year 4 Year 5 Year 6 

740110  .   .   758813           777116          735611 %s$$*$lß$ \m^mt*. 

After-tax equivalent of the above two cash flows: 
Yearl          Year 2          Year 3          Year 4 

+8115?         433181*         SOS?««?         517235* 

Co nfide nee fh th is estimate (1-100): 

* Present value:                " 

Year 5 
S2S2S2 

Year 6 

90T 

;s:::;:;225**ij;i: 

END CF DRECTLHSCfi'V/CRKSHEET 

S.A.M., Present and Projected 
The S.A.M. cell is used to enter the Standard Allowed Minutes (min./unit) 
for the particular machine whose purchase is being considered.   In 
calculating the S.A.M.'s for the Jet Sew Feeder, one must remember that 
the throughput rate of the Feeder is not limited by the throughput rate of the 
Clupickers (which are rated at 20 picks per minute12).  The Feeder's 
throughput is limited by the Jet Sew Model 2621 Centerplaite/Sleeve 
Hemmer which is attached to the Feeder. 

According to Charlotte Pierce, who is responsible for CAR's Demo Floor 
operations, the Jet Sew Automatic Hemmer, sewing 12 stitches per inch, 
and running continuously and flawlessly, can process 4,500 medium men's 
right fronts in eight hours. This means it takes 480 minutes to process 
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enough fronts to complete 4,500 shirts. 480 minutes per 4,500 shirts 
translates to 0.1067 minutes per unit (a shirt) or 0.1067 S.A.M.'s. This 
S.A.M. value is the same for the Original Clupickers and the Modified 
Clupickers.  The reason for this is explained below. 

The S.A.M. value above is calculated from Hemmer performance data but is 
applied to the Clupickers even though the Clupickers can pick 20 times per 
minute (S.A.M. = 0.0500). The reason for this is that the Clupickers are 
subcomponents of the Feeder and the Feeder is linked to the Hemmer. The 
Clupickers only pick when the Hemmer asks the Feeder for more parts. 
This means that the S.A.M. value for the Clupickers is limited to the S.A.M. 
value of the Hemmer.  (This statement meshes with questionnaire 
responses listed in the report Enhance the Commercial Acceptance of an 
Automatic Ply Separation & Feeding System for Apparel Fabrics by Robert 
Keith Daniel.)13 

This interrelationship between the Hemmer, Feeder, and Clupickers shows 
how misleading it is to assume that improved Clupicker performance will 
automatically translate into improved production rates.  In this example it 
is obvious that if the Clupickers are performing optimally, they have little or 
no impact on the Hemmer's throughput performance.   Only when the 
Clupicker performance drops below the Hemmer performance will the 
Clupickers have any impact on production.  If one considers the entire shirt 
manufacturing process it is easy to see how any benefits derived from 
improved Clupicker performance can be completely negated by other 
processes involved in shirt manufacturing. 

Base Rate, Present and Projected 
The base rate is hourly worker wages expressed in minutes.  For example, 
if an operator running the Jet Sew Feeder is paid $4.00 an hour, this 
translates to a base rate of $4.00 divided by 60 minutes or 0.0667 $/min.. 

Direct Labor Efficiency, Present 
Since direct labor (an operator) is necessary for loading and supervising the 
operation of the Jet Sew Hemmer, direct labor efficiency is closely linked to 
Hemmer performance and hence Clupicker performance.   If the 
Clupickers do not mispick, little direct labor is required to oversee the 
Hemmer's operation, and the direct labor can be redirected to another 
operation (once the Hemmer is loaded and running).  If the Clupickers 
mispick occasionally more of an operators time must be spent correcting 
the mispick conditions.  If the Clupickers mispick even more, both direct 
labor (an operator) and indirect labor (a mechanic) become involved with 
the Hemmer's operation and labor efficiencies fall even further.  If the 
Clupickers do not work at all, an operator is assigned the full-time job of 
loading the Hemmer and no direct labor savings are realized at all. 
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Mathematically the direct labor efficiency is defined by the following 
equation: 

Production Actual 

Efficiency DirectLabor =   (D.L. 1) 
Production Masimum 

Maximum production is easy to calculate.  It is based on the same 
information used to complete the S.A.M. cells (see above). 

4,500 units 

8 hrs (one work day) 
Production Maximum =   (D.L. 2) 

Now that a value for Production Maximum has been calculated, a value for 
Production Actual needs calculating.  Production Actual is denned by the 
following equation: 

Production Actual = Throughput Actual x Time AvailabIe (D.L. 3) 

By definition: 

PlieS procease(i 

Throughput Actual =   (D.L. 4) 
Time, Spent Processing 

Or, by simply changing variable names, 

*V Loaded 

Throughput Actual ^   (D.L. 5) 
Time Process 

(Variable names were changed to avoid confusion in later calculations.) 

Looking at Figure 3-3 it is apparent that during a typical day of processing, 
time is spent loading, picking, mispicking, fixing mispicks and repicking 
the fabric plies.  To determine how much time is spent processing the plies 
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that have been loaded requires evaluating how much time has been spent at 
each step in processing and how many plies have been involved in each 
step.  Mathematically this can be expressed as: 

TimeProcess       TimeLoad        Time Pick      TimeMispick       Time Fix      Time Repick 
  _   +   +   +   +   

Ply wed      PlyNominal Ply% Ply(1.%)        Ply(1.%)       Ply(1.%) 

(D.L. 6) 

Each part of Equation D.L. 6 will be discussed in detail. 

The first step in solving Equation D.L. 6 involves calculating the amount of 
time required to load the Jet Sew Loader on a time per ply basis. To start, 
assume that in a typical shirt manufacturing plant spreads are made 200 
plies high.  This means that bundles of cut parts contain 200 plies. Also 
assume that because it is difficult to handle 200 ply bundles without 
disturbing the ply alignment, the bundles are loaded one at a time into the 
Jet Sew Loader. (This is certainly in agreement with the test team's 
experiences with large bundles.) Finally, assume that the entire process of 
loading a single bundle and making adjustments to the bundle to ensure 
proper feeding takes 30 seconds.  (Again, this is in agreement with the test 
team's experiences with large bundles.) 

Using the above information it is possible to calculate the amount of time 
required to load a single ply: 

Time Load        30 seconds     0.1500 sec 
(D.L. 7) 

PlyNominai        200 pHes ply 

The next step in solving Equation D.L. 6 involves calculating the amount of 
time spent by the Original Clupicker Group correctly picking plies on a per 
ply basis. 

TimePick        Time D PlyKck 
 — =  — x   (D.L. 8) 

Ply % Ply Maximum Pty Available 
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where: 

TimeDay 8 hours 28,800 seconds      6.4000 sec 

Ply Maximum        4,500 plies 4,500 plies ply 

(D.L.9) 

and: 

ply pick 
  = (Reliability 0riginalclupicker)

6Clupickers/Group 

Ply Available 

= (0.9950)6 

= 0.970373 

= 97.0373% (D.L. 10) 

Plugging values into Equation D.L. 8 yields: 

Time Pick      6.4000 sec 6.2104 sec 
x 97.0373% =   (D.L. 11) 

Piy% ply ply 

The next step involves calculating the amount of time wasted by the 
Original Clupicker Group in mispicking plies on a per ply basis. 

Time Mispick        Time D Ply M^t 
 — =   x   (D.L. 12) 

Ply (1 - %) Ply Maximum "ty Available 

where the first variable is defined by Equation D.L. 9 and the second 
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6 Clupickers / Group 

variable is defined as: 

./   Mispick 

  = 1 - (Reliability 0riginalclupicker) 

"ty Available 

= 1 - 0.970373 

= 0.029637 

= 2.9627% (D.L. 13) 

were 0.9704 came from Equation D.L. 10. 

Plugging the values from Equations D.L. 9 and D.L. 13 into 
Equation D.L. 12 yields: 

Time ^^      6.4000 sec 0.1896 sec 
 — =   x 2.9627% =   (D.L. 14) 

Piy(i-%) ply p!y 

The next step in solving Equation D.L. 6 involves calculating the amount of 
time spent correcting mispick errors.  The time is expressed as seconds per 
mispicked ply. 

TimeFix       Ply Mispick        TimeFix 
  =   x   (D.L. 15) 
Ply(l-%) Ply Available Mispick 

The first variable is described by Equation D.L. 13. The second variable 
requires additional clarification. 

TimeFix       Time Acknowledge       Time Diagnose       Time Correct 
  _   +   +         (D.L. 16) 
Mispick Mispick Mispick Mispick 

Assume that it takes ten (10) seconds to acknowledge a mispick. This is not 
an unreasonable assumption since the Jet Sew Loader does not have any 
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way of alerting an operator that a mispick condition has occurred beyond 
stopping the Jet Sew Hemmer.  In a busy manufacturing plant, an operator 
cannot hear the Hemmer stopping.  If the operator is busy repairing 
damaged plies or is preparing bundles for loading, it is also unlikely that 
the operator will be see Hemmer stop. The only way that mispicks can be 
corrected immediately is if the operator is constantly monitoring the 
Loaders performance and nothing else.  Unless the operator is monitoring 
several Jet Sew Loaders at once, constant monitoring of a single Loader is 
highly improbable. 

Also assume that once a mispick is acknowledged that it takes a skilled 
operator five (5) seconds to diagnose what caused the mispick and how to set 
about correcting the mispick condition. And finally, assume that it takes 
the skilled operator five (5) seconds to actually correct the mispick. 

Using these assumptions, 

Time Fix 10 sec 5 sec 5 sec 20 sec 
  _   + +   _   

Mispick       mispick        mispick        mispick      mispick 

(D.L. 17) 

Plugging D.L. 13 and D.L. 17 into D.L. 15 yields 

Time Fix 20 sec        /   1 mispick    \ 0.5925 sec (1 mispick    \ 

lplv        ' 
= 2.9627% x   x I 

Ply(1.%) mispick V lply /   Conversion Factor ply 

(D.L. 18) 

The final piece of information needed to complete Equation D.L. 6 is the 
amount of time required to repick mispicked plies on a time-per-ply basis. 
If the Clupickers were picking at 100% efficiency, the time required to 
repick mispicked plies would be the same as the time required to mispick 
the plies in the first place. This is because all plies (picked, mispicked, or 
repicked) get picked at the same rate. Since the Clupickers do not operate at 
100% efficiency, however, some of the repicked plies would also be 
mispicked. This means that some of the plies would have to be re-repicked. 
Some mispicks would occur to these plies, and the process would continue 
ad-infinitum until the last ply was picked. To avoid confusion about re- 
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repicked plies and for the sake of simplicity in an already complex area, the 
test team decided to make the following approximation: 

Time Repick Time Mispick 

Ply (i - %) Piy(i-%) 

0.1896 sec 

ply 

(D.L. 19) 

(D.L. 14) 

Now that all of the unknowns associated with the right-hand-side of 
Equation D.L. 6 have been found, the equation can be solved. Using D.L. 7, 
11,14,18, and 19: 

Tune process      0.1500 sec     6.2104 sec      0.1896 sec     0.5925 sec       0.1896 sec 
+ 

Ply Loaded ply 
+ 

ply ply ply 
+ 

ply 

7.3322 sec 

ply 

Now, recognizing that: 

(D.L. 20) 

Ply Loaded 

Throughput Actual 

Time Process ( 

Time Process ^   -1 

Ply Loaded 
) 

(D.L. 5) 

We can calculate the actual throughput to be, 

ply 0.1364 plies 
Throughput Actual = 

7.3322 sec second 
(D.L. 21) 
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Equation D.L. 3 stated: 

Production Actual = Throughput Actual x Time Avaüable (D.L. 3) 

The actual throughput was calculated in Equation D.L. 21. The only piece of 
information missing is the Time Available. Figure 3-3 shows that in a day, the 
time available for running the Hemmer can be defined as: 

Where, 

Time Available = Time Day - Time Setup (D.L. 22) 

Time Dav = 8 hours = 28,800 seconds (D.L. 23) Day 

and, 

Time Setup = Hours Setup = 0.25 hours = 900 seconds        (I.L. 10) 

Putting Equations D.L. 23 and I.D. 10 into Equation D.L. 22 yields, 

Time Available = 28,800 seconds - 900 seconds 

= 27,900 seconds (D.L. 24) 

Now substituting D.L. 21 and D.L. 22 into Equation D.L. 3 yields 

0.1364 plies 
Production Actual =   x 27,900 seconds 

second 

= 3,805 plies (D.L. 25) 

Remember that one ply picked by the Jet Sew Loader is equivalent to one 
unit processed by the Jet Sew Hemmer. Also remember, the actual 
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production rate was based on the amount of time available to use the Jet 
Sew Hemmer in the course of a work day, so Equation D.L. 23 can be 
restated as: 

3,805 units 
Production Actual =   (D.L. 26) 

work day 

Using D.L. 2 and D.L. 26 it is now possible to solve Equation D.L. 1. 

Production ^^ 
Efficiency DirectLabor =   (D.L. 1) 

Production Maximum 

3,805 units 

work day 
(D.L. 26) 

4,500 units 
  (D.L. 2) 
work day 

= 0.8455 

= 84.5589%* (D.L. 27) 

* See note on page 1-3. 

We have now calculated the Direct Labor Efficiency for the present working 
condition.  Now we must calculate the Direct Labor Efficiency for the 
projected working condition. 

Direct Labor Efficiency, Projected 
All of the main calculations used to determine the Present Direct Labor 
Efficiency can also be used to determine the Projected Direct Labor 
Efficiency.  Two major differences between the present and projected 
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calculations are a result Equations D.L. 10 and D.L. 13. 

Ply Hck 
  = (Reliability 0riginal Clupicker)

6 CIupickers'Group (D.L. 10) 
"ty Available 

= (0.9990)6 

= 0.994015 

= 99.4015% (D.L. 28) 

And: 

Ply Mispick 

Ply Available 

= 1 - (Reliability 0rigmal Clupicker)
6 Clupickers'Group      (D.L. 13) 

= 1 - 0.994015 

= 0.005985 

= 0.5985% (D.L. 29) 

The only other change of any consequence requires its own discussion. 

The amount of time required to setup the Original Clupickers was derived 
from Equation I.L. 10 located on the Indirect Labor Worksheet. 

Hours Setup = 0.25 hours (I.L. 10) 

To calculate the amount of time required to setup the Modified Clupickers 
an assumption had to be made. 

It was assumed that as Clupicker performance goes up the amount of setup 
time required goes down.   In other words, Clupicker performance time is 
inversely proportional to Clupicker setup time because as one goes down the 
other goes up.   Since no direct measurements were available comparing 
setup times of the Original Clupickers against setup times of the Modified 
Clupickers, the test team made the following approximation: 
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/ Performance Modified     \  -1 
Setup Hours Modified = Setup Hours 0riginaI   x        I           I 

Performance 0riginal 

(I.L. 13) 

Using simple substitution: 

Setup Hours 0riginal = Hours SetuPi 0riginal (D.L. 30) 

= 0.25 hours (I.L. 10) 

Again using substitution: 

Ply Pi* 
Performance Modified =   (I.L. 15) 

Ply Available 

= 99.4015% (D.L. 29) 

And once again using substitution: 

Ply P^ 
Performance 0riginaI =   (I.L. 16) 

■^ly Available 

= 97.0373% (D.L. 10) 

Now, plugging values from Equations I.L. 10, D.L. 28 and D.L. 10 into 
Equation I.L. 13 yields: 

/ 99.40%    \   -1 
Setup Hours Modified = 0.2500 hours x       1          j 

v 97.04%    7 

= 0.244053794 hours 
= 879 seconds (D.L. 31) 
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Using the values D.L. 28 and D.L. 29 and D.L. 31 it is left to the reader to 
verify the values calculated and identified in the summary table below. 

Table D.L.-l: Calculation Summary Table 
Present (Original Clupickers) Present (Moc ified Clupickers) 

Base 
Equation 

Output 
Identification 

Output Value Output 
Identification 

Output Value 

D.L.I SeeDL.27 SeeD.L.40 
D.L. 2 D.L.2 4,500 units/ 

work day 
No Change 

D.L.3 See D.L. 26 See D.L. 39 
D.L.4 See D.L. 21 
D.L. 5 See DL. 21 SeeD.L.36 
D.L. 6 See D.L. 20 See D.L. 35 
D.L. 7 D.L. 7 0.1500 sec/ply No Change 
D.L. 8 See D.L. 11 See D.L. 32 
D.L. 9 D.L. 9 6.4000 sec/ply No Change 
D.L. 10 D.L. 10 97.0373% D.L. 28 99.4015% 
D.L. 11 DL. 11 6.2104 sec/ply D.L. 32 6.3617 sec/ply 
D.L. 12 See D.L. 14 See D.L. 33 
D.L. 13 DL. 13 2.9627% DL. 29 0.5985% 
D.L. 14 D.L. 14 0.1896 sec/ply DL. 33 0.03830 sec/ply 
D.L. 15 See D.L. 18 SeeD.L.34 
D.L. 16 See D.L. 17 No Change 
D.L. 17 DL. 17 20 sec/mispick No Change 
D.L. 18 DL. 18 0.5925 sec/ply DL. 34 0.1197 sec/ply 
D.L. 19 See DL. 14 See D.L. 33 
D.L. 20 D.L. 20 7.3322 sec/ply DL. 35 6.7080 sec/ply 
D.L. 21 D.L. 21 0.1364 plies/sec DL. 36 0.1491 plies/sec 
D.L. 22 See D.L. 24 No Change 
D.L. 23 D.L. 23 28,800 sec No Change 
None I.L. 10 900 sec DL. 31 879 sec 
D.L. 24 D.L. 24 27,900 sec DL. 37 27,921 sec 
D.L. 25 D.L. 25 3,805 plies DL. 38 4,163 plies 
D.L. 26 DL. 26 3,805 units/ 

work day 
DL. 39 4,163 units/ 

work day 
D.L. 27 D.L. 27 84.5589%* D.L. 40 92.4978%* 

* See note on page 1-3. 

What all this means is that based on Dr. Tim Clapp's Clupicker 
performance ratings of 99.5+% and 99.9% for the Original and Modified 
Clupickers respectively, an operator working with a Jet Sew Feeder 
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equipped with six Clupickers produces shirt sleeves at an efficiency of 
84.5589% if Original Clupickers are used and 92.4978% if Modified 
Clupickers are used. 

Excess   Costs 
According to the AMCIA manual, excess costs are based on production 
related excesses.  These excesses include overtime, make up, repairs, 
waiting for work, machine delay, and/or job transfers.  The excesses 
associated with repairs and machine delay were partially accounted for 
under the Direct Labor Efficiency heading.  Additional costs associated with 
repairs are discussed in the Quality Related Costs Worksheet. Additional 
costs associated with machine delays are accounted for in the Indirect 
Labor Worksheet. All other excess costs were difficult to generalize and so 
the Excess Cost cells were left blank. 

Annual Workers /Compensation 
These cells were left blank to avoid complicating the general AMCIA 
model. 

Change in Annual Production Capacity Cells 
All improvements brought about by investing in the Modified Clupicker 
technology were taken advantage of. 

Confidence Estimate Cell 
Based on a general feeling that the information provided was reasonably 
accurate, an arbitrary confidence value of 90 (out of a possible 100) was 
assigned to the Direct Labor worksheet. 
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Indirect Labor 
The Indirect Labor worksheet helps estimate cash flows associated with the 
need for supervisors, inspectors, mechanics, and material handlers. 

IHDIRECT LABOR 

Indirect labor pay rate (&hour): L 

Present 

r 

Projected 

4.00| 4.00| 

Overtime costs as a percentage 
of the indirect labor pay rate: 

Indirect labor costs ($fhour): 

I I I I 

E mmmo] i mimmm 

Annual indirect labor 
regular hours: I ! 641 62j 

Summary of Indirect Labor 

After-tax cash flows: 
Year 1          Year 2 Year 3 Year 4 Year 5 

L 

Year 6 
:i-iwP;':-|::::* t   .            f 

' Confidence fh this estimate1 (1-100): 

"täMZ&t: WmWS-ft&i 

9CT] 

' Present ya I ue: 
" 

mmmm 

ENDCF ■NDRECTLABCR VfCRKSHEET 

Indirect Labor Pay Rate, Present and Projected 
In this example the indirect labor pay rate was four dollars an hour 
($4.00/hr). 

Overtime Costs, Present and Projected 
This example, and all AMCIA analysis performed for the Clupicker 
Project, assumes no overtime takes place. Although quotas are frequently 
employed in apparel manufacturing plants, all analyses done for the 
Clupicker project are based on maximum daily Hemmer throughput 
calculated using the Direct Labor Worksheet, not on flat work quotas. 

Annual Indirect Labor Regular Hours , Present 
CAR's experience suggests that the largest Clupicker related indirect labor 
costs come from the need to have mechanics adjust the Clupickers when 
fabric changes occur.  According to Bob Bennett, CAR's head mechanic, 
adjusting the Original Clupickers is relatively straight forward and is only 
required when major fabric changes take place. According to Bob, the 
difficulty lies in determining what affect the Clupicker adjustments have 
had on the Clupicker performance levels.  In most cases, the influence of 
adjustments is not recognized unless the Clupicker performance 
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dramatically changes. CAR suspects that the reason Clupickers are hard 
to adjust is not because of the Clupickers' design, but because the effects of 
Clupicker adjustments are masked by other conditions that have a greater 
influence on Clupicker performance. 

As explained in the "Pre-experimental Setup" section, the test team had a 
very difficult time setting up and adjusting the Clupickers.  This was not 
because the Clupickers were hard to adjust.  The difficulty was in 
measuring the affect of the adjustments.  Adjustment affects were 
frequently masked by bundle affects such as fused or frayed ply edges and 
misaligned plies. 

As described in the "Pre-experimental Setup" section under the subheading 
"Bundle Reuse Not A Simple Process", the need for consistent bundles was 
a prerequisite to troubleshooting the Clupickers. CAR went so far as to cut 
special fabric using a special cutting tool to ensure that the bundle edges 
were not fused, were thread free, and were perfectly aligned. By 
eliminating bundle errors, CAR was able to directly relate Clupicker 
adjustments to Clupicker errors. 

The single most time consuming step in the Clupicker setup process was 
the development of a method to provide diagnostic bundles for use in the 
setup process.  Once CAR had located an adequate supply of material, 
representative of the material to be picked, and CAR had developed a means 
of minimizing bundle errors (the Bologna Sheer), setup of the Clupickers 
was simple. 

Using the test team's setup experiences, along with Bob Bennett's 
comments, an estimate of the annual indirect labor regular hours 
(associated with the Original Clupickers) was made.  The estimate was 
based on the following equation: 

Annual Hours  = Annual Hours Developing SetuP + Annual Hours Setup       (I.L. 1) 

The first step in solving Equation I.L. 1 involves developing an expression 
for the number of hours spent each year developing a setup procedure. 
Since the development of a setup procedure would only occur once, and 
since the AMCIA analysis is over the six year depreciation life of the 
Clupickers, the time spent developing the setup procedure had to be divided 
over the depreciation life of the Clupickers. A simplified way of expressing 

1-24 



this (not taking into account the time value of money) is as follows: 

MOUrS Developing Setup 

Annual Hours DevelopingSetap = (I.L. 2) 
6 years 

where, 

Hours DevelopingSetup = Hours MakingBolognaSlicer + Material Costs inHours (I.L. 3) 

The time required to make the Bologna Sheer was two 7.5 hour days (15 
hours).  There were no material costs associated with developing the 
calibration test.  This is because the Bologna Sheer was made with scrap 
wood from sewing machine shipping crates.   The reciprocating knife, used 
in the Bologna Sheer, is found in a majority of cutting rooms, and was 
borrowed for use in the Bologna Sheer.  No fabric costs were incurred 
because scrap fabric was used.  In industrial environments, the Bologna 
Sheer could even allow mechanics to make calibration bundles from the 
scrap fabric taken from the actual spreads being prepared for Clupicker 
processing.  Using all this information in Equation I.L. 3 gives: 

Hours DevelopingSetup = Hours MakingBolognaSlicer + Material Costs in Hours (I.L. 3) 

= 15 hours + 0 hours = 15 hours (I.L. 4) 

Plugging I.L. 4 into I.L. 2 gives: 

Developing Setup 

XiOUrS DevelopingSetup 

Annual Hours npvBlnninilRetUD = (I.L. 2) 
6 years 

15 hours 

6 years 

= 2.5000 hours/year (I.L. 5) 
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The next step required to solve Equation I.L. 1 involves calculating the 
number of hours spent over the course of one year in setting up the Original 
Clupickers.  The equation for this is: 

hours     # setups      5 days       49 weeks 
Annual Hours Setup =   x   x x   (I.L. 6) 

setup day week year 

In setting up the Original Clupickers, the test team used and reused a 
diagnostic bundle containing 129 plies of white oxford cloth.  From 
Appendix E it can be seen that each bundle of 129 plies took approximately 
25 minutes to prepare and process. With practice and experience, the test 
team estimated that complete Clupicker setups could be made and 
confirmed in approximately 15 minutes (50 plies @ 0.1067 S.A.M. = 5.3 
minutes plus approximately 10 minutes for setup and evaluation) or 0.25 
hours.  So, 

hours 
  = 0.25 hours (I.L. 7) 
setup 

Efforts then focused on determining how many Original Clupicker 
adjustments are truly necessary each day in the typical shirt 
manufacturing facility?  This question is extremely difficult to answer. 

Keith Daniel's questionnaire showed that some manufacturing facilities 
make constant adjustments while others require very few.  There are many 
factors which may contribute to such circumstances, but the test team's 
experience suggests that bundle preparation, correct initial adjustment, 
and fabric variation are the three factors which most likely contribute to the 
perceived need for Clupicker adjustments.  The issue here is how many 
Clupicker adjustments are truly necessary versus how many Clupicker 
adjustments are perceived as necessary?  In other words,  how many 
mispicks are caused by the Clupickers versus how many mispicks are 
caused by bundle related problems? 

The Clupicker experiment was only designed to compare the performance 
of the Modified Clupickers against the Original Clupickers, and it was 
shown that the Modified Clupickers perform better than the Original 
Clupickers.  The Clupicker experiment was not designed to answer the 
questions "How many mispicks are caused by the Clupickers versus how 
many mispicks are caused by bundle related problems?" Unfortunately, 
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there is no comprehensive data relating bundle preparation with Clupicker 
performance. 

Anyone who has tried to use a Clupicker system will find that ply-to-ply 
attraction, edge-fiber entanglement, edge-fiber fusing, and ply-to-ply 
misalignment all have an affect on Clupicker performance, but no 
information is available that relates levels of bundle errors with levels of 
Clupicker performance.  Even if such information did exist it would only 
have general applicability due to the enormous variations in bundle 
preparation, handling, and fabric content that take place in manufacturing 
environments. 

In any event, it was necessary to estimate the number of times Clupicker 
adjustments would be made each day in a typical shirt manufacturing 
operation.  Based on Keith Daniel's questionnaire responses, it was 
determined that most plants would feel the need to adjust the Original 
Clupickers when ever major fabric change that took place (whether 
Clupicker adjustments were truly necessary or not). 

Combining this knowledge with the knowledge that more and more 
manufacturing is going to smaller and smaller lot sizes, CAR decided to 
analyze the Clupicker indirect labor costs for a range of daily style change 
requirements from one style change per day to twelve style changes a day. 
In this example of the AMCIA Indirect Labor worksheet, it was assumed 
that one major style change occurred each working day throughout the 
year.  In other words: 

# setups        1 setup 
  =   (I.L. 8) 

day day 

Although not needed for the Indirect Labor Worksheet, Equations I.L. 7 and 
I.L. 8 can be conveniently used to calculate: 

hours       # setups 
Hours Setup =     x   (I.L. 9) 

setup day 

= 0.25 hours x 
1 setup 

day 

= 0.25 hours (IX. 10) 
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Equations I.L. 7 and I.L. 8 can also be substituted into Equation I.L. 6 
yielding: 

hours      # setups       5 days       49 weeks 
  x   x   x   
setup day week year 

Annual Hours Setup =   x   x   x   (I.L. 6) 

0.2500 hours       1 setup       5 days      49 weeks 
_  x   x   x   

setup day week year 

= 61.25 hours/year (I.L. 11) 

Taking the values generated in Equations I.L. 5 and I.L. 11 and substituting 
into Equation I.L. 1: 

Annual Hours  = Annual Hours Developing Setup + Annual Hours Setup       (I.L. 1) 

= 2.5 hours/year + 61.25 hours/year 

= 63.75 hours/year ~ 64 hours/year* (I.L. 12) 

* 64 hours/year was entered into the Indirect Labor Worksheet because 
AMCIA does not use WYSIWYG (See Company Data Sheet, Interest on a 3 
Month U.S. Treasury Bill). 

This is the annual number of hours indirect labor (mechanics) must spend 
setting up the Clupickers assuming one major style change occurs each 
day. 

Annual Indirect Labor Regular Hours , Projected 
Up to this point all of the calculations applied to the Original Clupicker 
only. Even though the test team did not have to adjust the Modified 
Clupickers, the assumption that the Modified Clupickers would never need 
adjusting is simply untrue. 

Recognizing that Clupicker adjustments would be made when mispicks 
became an inconvenience, and assuming that the ratio of Original 
Clupicker adjustments to Modified Clupicker adjustments would be 
inversely proportional to Clupicker performance (i.e. as Clupicker 
performance went up the number of adjustments went down), the following 
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equation was constructed for calculating the setup time for the Modified 
Clupickers: 

/ Performance Modified     \  -1 
Setup Hours Modified = Setup Hours 0riginal   x        I           I 

Performance 0riginal 

(I.L. 13) 

Using simple substitution: 

Setup Hours 0riginal  = Annual Hours SetuP] 0riginal (I.L. 14) 

= 61.25 hours/year (I.L. 11) 

Again using substitution: 

HyKck 
Performance Modified =   (I.L. 15) 

"ly Available 

= 99.4015% (D.L. 28)* 

* See Table D.L.-l in the Direct Labor Worksheet. 

And once again using substitution: 

Plyp^ 
Performance 0riginal =  «- (I.L. 16) 

"ly Available 

= 97.0373% (D.L. 10) 

Now, plugging values from Equations I.L. 11, D.L. 29 and D.L. 10 into 
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Equation I.L. 13 yields: 

61.25 hours / 99.40%    \   -1 
Setup Hours Modified =   x I           ) 

year v 97.04%    7 

= 59.80 hours/year (I.L. 17) 

And finally using the same type of simple substitution used in I.L. 14: 

Annual Hours Setup Modified = Setup Hours Modified 

= 59.80 hours/year (I.L. 18) 

Taking the values generated in Equations I.L. 5 and I.L. 15 and substituting 
into Equation I.L. 1: 

Annual Hours  = Annual Hours Developing Setup + Annual Hours Setup       (I.L. 1) 

= 2.5 hours/year + 59.80 hours/year 

= 62.30 hours/year - 62 hours/year* (I.L. 19) 

* 62 hours/year was entered into the Indirect Labor Worksheet because 
AMCIA does not use WYSIWYG (See Company Data Sheet, Interest on a 3 
Month U.S. Treasury Bill). 

Based on Equation I.L. 19 the decrease in Modified Clupicker mispicks does 
not have a substantial impact on the perceived need to adjust the 
Clupickers.   This has serious implications for all Clupickers because it 
shows that one of the major costs associated with using the Clupickers (the 
indirect labor costs) are not dramatically affected by performance 
improvements of the Clupickers. 

Confidence 
Assigning a confidence estimate of 90%, completes this worksheet example. 

It is very important to note that the Indirect Labor worksheet has a 
substantial impact on the Direct Labor worksheet.  This is because 
whenever Clupicker adjustments must be made, the direct labor efficiency 
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goes down (see the Direct Labor worksheet), while the amount of indirect 
labor goes up.  In basic terms, what this means is that time spent adjusting 
the Clupickers is time taken away from direct labor and shifted to indirect 
labor. 
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Materials 
According to the AMCIA manual, this worksheet "... accounts for cash 
flows related to materials other than fabric." Since values in this worksheet 
will vary from company to company, and since savings associated with 
reduced scrap were accounted for in the Quality Related Costs worksheet, 
the Materials worksheet was left blank. 

MATERIALS 

Present Projected 

Material cosf($/unit):                                             1                 1 
(Excludes fabric cost) 

Summary of Materials 

After-tax cash flows: 
Yearl          Year 2          Year 3          Year 4 

1                  1 

Year 5          Year 6 

Confidence (h this estimate1 (1-100): 

Present value: 

1                   1 

ENDCF T.I ATERMI.S'WORKSHEET 
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Maintenance 
This worksheet accounts for cash flows due to maintenance, parts and 
supplies, and service contracts.  This worksheet does not include the 
indirect labor costs associated with mechanics.  The cost of mechanics is 
accounted for in the Indirect Labor Worksheet. 

MAINTENANCE 

Your estimate of maintenance expenses should include: 
routine maintenance, 
parts and supplies, and 
service contracts. 

Estimate of the change in total annual maintenance expenses: 
NOTE:         Negative numbersindicatereductions. 

Yearl          Year 2         Year 3          Year 4 
r            |                      |                      |                      | 

Year 5 
I 

Year 6 

1                      1                      1                      1                      1 

Summary of Maintenance 

I 

After-tax cash flows: 
Yearl          Year2         Year3          Year 4^.. 

" Confidence ih this estimate1 (1 -100): 

Present value: 

Year 5 Year 6 

r 1 

END Cf= 11ANTENANCE' \7CRKSHEET 

Since no reliable data was available, the test team decided to leave this 
worksheet blank. 
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Quality Related Costs 

QUALITY  RELATED  COSTS 

(C 03t3 are p ositive n um b ers. Proi ect e d % C han g e is n e gative f or a d ecreas e in c 03ts.) 

Present Projected Projected 
Cost % Change $ Change 

Average annual labor cost of repair and reinspection 
for products affected by this decision: 

$| 829] [ -7B|% MWMSM 

Average annual cost of scrapped products: 

$1 608] [ -78|% . -474* 

Annual net cost of seconds: 
(Incl u d e man ufact urin g c osts min us reven u e3 rec eive d f or 3 ec on d3.) 

$1 I I 1% S:SB;S*SSSH 

Annual excess costdue to repaired, scrapped or second products: 
(Thi3 cost may include proce33delay3 or overtime to meet normal production, 
and 3hould be in addition to overtime cost entered on the Indirect Labor Worksheet.) 

«I l I I* mmmm 
Summary of Quality Related Costs 

After-tax casPi flows: 
Yearl Year 2 Year 3 Year 4 Year 5 Year 6 

729 74T 785* 7«T SOT SW 

Confidence "i this estimate (1-100):      " " " [ 90l 

Present Yalue: M£$$$$%i 

END OF OJ A.m» RELATED COSTS'V/CRKSHEET 

Average Annual Labor Cost of Repair and Reinspection, Present   Cost 
Calculating the number of mispicks a Clupicker makes is not the same as 
calculating the number of pieces that need repair.  This is because not all 
mispicks lead to production errors and rework.  In fact, the test team's 
experience indicates that most mispicks lead to processing delays and not 
assembly errors.  Unfortunately, the information collected in the Clupicker 
Experiment does not correlate mispicks with hemming errors because the 
pieces picked were never processed through the Hemmer.  The only way to 
correlate mispicks with repair work was to make a performance 
assumption. 

In the AMCIA analysis the test team made the following unsupported 
assumption: 90% of all mispicks do not lead to defective product. 9% of all 
mispicks lead to defective product that can be repaired.  1% of all mispicks 
produce product damage that is beyond repair (see the "Average Annual 
Cost of Scrapped Products, Present" field below). 
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To calculate the daily cost of repairs and reinspection, the following 
equation was used: 

^0S^ Repair and Reinspection ^0S^ Repair ^0S^ Reinspection 
     _       +     

Work Day Work Day        Work Day 
(Q.R.C. 1) 

The hemming of shirt fronts is one of the first assembly processes in the 
manufacture of dress shirts.  There are any number of subsequent 
operations which can be used to inspect the shirt fronts before additional 
assembly processes take place.   All manufacturers should recognize that 
because it is harder to process parts that are not within tolerance, the time 
spent producing defective items is greater than the time spent producing 
correct items.   Assuming that a company purchasing Clupickers is 
committed to quality, this AMCIA analysis assumes that every operation 
down stream of hemming serves as an inspection station.  Based on this 
assumption: 

^0St Reinspection ^ ,^ ^   _    _ 
 — = $0.00 (Q.R.C. 2) 

Work Day 

To calculate the daily cost of repairs the following equation was used: 

CostRenairs        # Repairs       Time $ 
 *^L =  *  x   x        (Q.R.C. 3) 
Work Day       Work Day       Repair       Time Direct Labor 

The first step in solving Equation Q.R.C. 3 involves determining the number 
of repairs that occur during a typical work day.  Using the assumption that 
9% of all mispicks lead to repairs: 

# Repairs        # Mispicks 
x 9% (Q.R.C. 4) 

Work Day        Work Day 

The next step in solving Equation Q.R.C. 3 involves calculating the number 
of mispicks that occur in a working day.  The following equation serves as 
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the starting point: 

# Mispicks       /  # Picks  \        # Seconds StMiickin 
  =   (      ) x       (Q.R.C. 5) 
Work Day        V   Second   7 Maximum    Work Day 

Calculating the maximum number of picks per second is simply a matter 
of working backward from the maximum number of picks that can occur 
during a day's production. 

(# Picks   \ 
 ) = Production Ma3dmum (Q.R.C. 6) 
Second   ' Maximum 

4,500 units 

8 hours 

4,500 units 

28,800 seconds 

(D.L. 2) 

(Q.R.C. 7) 

The next missing component of Equation Q.R.C. 5 is the amount of time 
spent mispicking during a typical work day. 

# Seconds SpentMispicking       # Seconds Spent Mispicking       # Plies Processed 
  _   x (Q.R.C. 8) 

Work Day Ply Work Day 

Using simple substitution: 

# Seconds Spent Mispicking       Time Mispick 
  =   (Q.R.C. 9) 

Ply Ply a-» 

0.1896 sec 

ply 
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The number of plies processed per work day is equivalent to the daily- 
production. 

ff xiies processe(j 

  = Production Actual (Q.R.C. 10) 
Work Day 

3,805 units 
=   (D.L. 26) 

work day 

Since plies and units are the same thing Equation Q.R.C. 5 can be expressed 
as: 

#Mispicks       4,500 plies        0.1896 sec      3,805 plies 
  _   x   x   

Work Day        28,800 sec ply work day 

112.7231 plies 
(Q.R.C. 11) 

work day 

Returning to Equation Q.R.C. 4, 

# Repairs        # Mispicks 
x 9% (Q.R.C. 4) 

Work Day Work Day 

112.7231 plies 

work day 

10.1451 plies 

x9% 

(Q.R.C. 12) 
work day 

Assuming that each repair takes a total of 5 minutes from the time it is 
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detected to the time it is ready to reloaded, 

Time 5 min. 

Repair       repair 
(Q.R.C. 13) 

The only piece of information missing from Equation Q.R.C. 3 is the cost of 
direct labor's time. 

$4.00        $4.00 
  =   (Q.R.C. 14) 

TimeDirectLabor       hour       60 min. 

Now, using Equations Q.R.C. 12, Q.R.C. 13, and Q.R.C. 14 it is possible to 
solve Equation Q.R.C. 3. 

CostR   irs        # Repairs       Time $ 
 — =   x   x         (Q.R.C. 3) 
Work Day       Work Day       Repair       Time Direct Labor 

10.1451 plies        5 min. $4.00 
_   x   x   

work day repair       60 min. 

10.1451 plies       5 min.        $4.00 
  x   x   

work day repair       60 min. 

$3.3817 

day 
(Q.R.C. 15) 
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Now, plugging Equation Q.R.C. 2 and Q.R.C. 15 into Equation Q.R.C. 1 yields: 

^OSt Repair and Reinspection C-OSt Repair COSt Reinspection 
     _       +     

Work Day Work Day        Work Day 

$3.3817  $0.00 
_   +   

(Q.R.C. 1) 

day    day 

$3.3817 

day 
(Q.R.C. 16) 

To calculate the average annual labor cost of repair and reinspection 
involved using the following equation. 

C0St Repair and Reinspection          C°St Repair and Reinspection            5 dayS 49 Weeks 
_        x       x     

year                            workday                week year 

$828.62*      $829** 

(Q.R.C. 17) 
year        year 

* See note on page 1-3. 

** $829 was entered into the Quality Related Costs Worksheet because 
AMCIA does not use WYSIWYG (See Company Data Sheet, Interest on a 3 
Month U.S. Treasury Bill). 

Average Annual Labor Cost of Repair and Reinspection, Projected % 
Change 

The easiest way to determine the projected % change in the annual labor 
costs of repair and reinspection involves recognizing that: 

C°St Repair and Reinspection # Mispicks 

Work Day Work Day 
(Q.R.C. 18) 
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In other words the two variables above are directly proportional to each 
other. Equation Q.R.C. 18 implies that 

A Cost Repair and Reinspection = A # Mispicks (Q.R.C. 19) 

where: 

# Mispicks Projected - # Mispicks Present 

A # Mispicks =         (Q.R.C. 19) 
# Mispicks Present 

Using Equation Q.R.C. 5 it is possible to project the number of mispicks that 
will occur if the Modified Clupickers are installed. 

# Mispicks       /  # Picks  \        # Seconds st Miickin 

  =   (         )  x (Q.R.C. 5) 
Work Day        V   Second   7 Maximum    Work Day 

where 

(# Picks   \ 
    J = Production Maximum (Q.R.C. 6) 

(D.L. 2) 

(Q.RC. 7) 

Second       Maximum 

4,500 units 

8 hours 

4,500 units 

28,800 seconds 

and: 

# Seconds SpentMispicking       # Seconds Spent Mispicking       # Plies Processed ._ _ _ a. 
  =   x          (Q.R.C. 8) 

Work Day Ply Work Day 
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Using simple substitution: 

# Seconds Spent Mispicking       Time Mispick 
(Q.R.C. 9) 

Hy Ply(1.%) 

0.03830 sec 

ply 

* From Table D.L.-l in the Direct Labor Worksheet description. 

The number of plies processed per work day is equivalent to the daily 
production. 

# Plies processed 

(D.L. 33)" 

  = Production Actual (Q.R.C. 10) 
Work Day 

4,163 units 
=   (D.L. 39) 

work day 

Since plies and units are the same thing Equation Q.R.C. 5 can be expressed 
as: 

#Mispicks       4,500 plies        0.03830 sec     4,163 plies 
  _   x   x   

Work Day        28,800 sec ply work day 

24.9130 plies 
=   . (Q.R.C. 20) 

work day 

Using this value along the with the value obtained in Equation Q.R.C. 11, 
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A # Mispicks = 
# Mispicks Projected - # Mispicks Present 

# Mispicks p^ 

24.9130 plies - 112.7231 plies 

112.7231 plies 

= - 77.90% 

(Q.R.C. 19) 

(Q.R.C. 21)** 

And because: 

A Cost Repair and Reinspection = A # Mispicks (Q.R.C. 19) 

it follows that: 

A Cost Repair and Reinspection 77.90% « - 78%* (Q.R.C. 22)** 

* - 78% was entered into the Quality Related Costs Worksheet because 
AMCIA does not use WYSIWYG (See Company Data Sheet, Interest on a 3 
Month U.S. Treasury Bill). 

**  In the Clupicker Programs in Appendix J, the value - 78% was 
attributed to Equation Q.R.C. 21 because, from a programming perspective, 
Equation Q.R.C. 22 is redundant. 

Average Annual Cost of Scrapped Products, Present Cost 
As explained in the first section of this worksheet, the test team made the 
following unsupported assumption:  90% of all mispicks do not lead to 
defective product. 9% of all mispicks lead to defective product that can be 
repaired.   1% of all mispicks produce product damage that is beyond repair. 

To calculate the daily cost of scrapped products, the following equation was 
used: 

Cost Scrapping Cost Labor Scrapping Cost Fabric, Scrapping 

Work Day 
+ 

Work Day Work Day 
(Q.R.C. 23) 
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To calculate the daily cost of labor associated with scrap, the following 
equation was used: 

Cost Labor Scrapping      # Scrapped Pieces Time $ 
  _   x   x  

Work Day Work Day Replacement      TimeDirectLabor 

(Q.R.C. 24) 

Calculating the number of scrapped pieces per day involves using the 
assumption that 1% of all mispicks lead to scrapped parts: 

# Scrapped Pieces        # Mispicks 
x 1% (Q.R.C.25) 

Work Day Work Day 

The next step involves plugging the information from Equation Q.R.C. 11 
into Equation Q.R.C. 25 to get: 

# Scrapped Pieces       112.7231 plies 
  =   x 1% 

Work Day Work Day 

1.1272 plies 

work day 
(Q.R.C. 26) 

Knowing the difficulties associated with identifying,* cutting, and replacing 
damaged parts so that they stay color matched, the test team made the 
assumption that each part replacement takes 15 minutes from the time the 
faulty part is detected to the time its replacement is ready to be loaded. 

Time 15 min. 
(Q.R.C. 27) 

Replacement       replacement 
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The only piece of information missing from Equation Q.R.C. 24 is the cost 
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of direct labor's time. 

$ $4.00        $4.00 
(Q.R.C. 14) 

TimeDirectLabor      hour       60 min. 

Now, using Equations Q.R.C. 26, Q.R.C. 27, and Q.R.C. 14 it is possible to 
solve Equation Q.R.C. 24. 

Cost Labor ScraDDine      # Scrapped Pieces Time $ Scrapping _       x 

Work Day Work Day Replacement      Time 

1.1272 plies       15 min.       $4.00 
_   x   x   

Direct Labor 

work day repair        60 min. 

$1.1272 

work day 
(Q.R.C. 28) 

The only piece of information preventing Equation Q.R.C. 23 from being 
solved is the daily cost of the fabric used in the replacement parts. This can 
be calculated using the following equation. 

Cost FabricScraDDing       # Scrapped Pieces       Sq. Yds. Fabric       Cost of Fabric "Scrapping 
x    X 

Work Day Work Day Scrapped Piece Sq. Yd. 

(Q.R.C. 29) 

Equation Q.R.C. 26 already calculated the number of scrapped pieces per 
day.   Using CAR's Microdynamics marker making system the number of 
square yards of fabric in a men's size 15 dress shirt was estimated at 0.3 
square yards. The cost of the dress shirt fabric was estimated at $4.00 per 
square yard. 
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Plugging these values into Equation Q.R.C. 29 yields: 

Cost FabricScrapping       # Scrapped Pieces       Sq. Yds. Fabric       Cost of Fabric 
x   x 

Work Day Work Day Scrapped Piece Sq. Yd. 

1.1272 plies 0.3000 sq. yd. $4.00 
_   x   x   

work day scrapped piece       sq. yd. 

$1.3526 

work day 

Now, plugging Q.R.C. 28 and Q.R.C. 30 into Q.R.C. 1 yields: 

Cost Scrapping       Cost Labor Scrapping       Cost FabricScrapping 

(Q.R.C. 30) 

+   (Q.R.C. 23) 
Work Day Work Day Work Day 

$1.1272 $1.3526 
_   +   

work day        work day 

$2.4798 

work day 
(Q.R.C. 31) 

Using the solution Q.R.C. 31 it is possible to the average annual cost of 
scrap. 

Cost Scrapping      CostScraping      5 days      49 weeks 
  _   x   x   

year work day        week year 

$ß07 65*^see next page'       $#0S**^see next page' 
(Q.R.C. 32) 

year year 

* See note on page 1-3. 
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** $608 was entered into the Quality Related Costs Worksheet because 
AMCIA does not use WYSIWYG (See Company Data Sheet, Interest on a 3 
Month U.S. Treasury Bill). 

Average Annual Cost of Scrapped Products, Projected % Change 
The easiest way to determine the projected % change in the annual labor 
costs of scrapping goods involves recognizing that: 

Cost Scrapping       # Mispicks 
  x   (Q.R.C. 33) 
Work Day        Work Day 

In other words the two variables above are directly proportional to each 
other. Equation Q.R.C. 33 implies that: 

ACostScra  .n,  = A # Mispicks (Q.R.C.34) 

where: 

# Mispicks Projected - # Mispicks Present 

A # Mispicks =        (Q.R.C. 19) 
# Mispicks Present 

Since the present number of mispicks was calculated in Equation Q.R.C. 11 
and the projected number of mispicks was calculated in Equation Q.R.C. 20, 
Equation Q.R.C. 19 can be expressed as: 

# Mispicks Projected - # Mispicks Present 

A # Mispicks = — —       (Q.R.C. 19) 
# Mispicks Present 

24.9130 plies - 112.7231 plies 

112.7231 plies 

= - 77.90% (Q.R.C. 21) 
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And because: 

A Cost Scrapping = A # Mispicks (Q.R.C. 34) 

it follows that: 

A Cost Scrapping = - 77.90% - - 78%* (Q.R.C. 35) 

* - 78% was entered into the Quality Related Costs Worksheet because 
AMCIA does not use WYSIWYG (See Company Data Sheet, Interest on a 3 
Month U.S. Treasury Bill). 

Not surprisingly, this is the same value as the value expressed in Equation 
Q.R.C. 22. 

Annual Net Cost of Seconds 
The hemming of shirt fronts is one of the first assembly processes in the 
manufacture of dress shirts.  As explained earlier, there are any number of 
subsequent operations which can be used to inspect the shirt fronts before 
additional assembly processes take place.  This analysis assumes that 
companies interested in investing in Clupicker technology recognize the 
need to remain competitive and hence recognizes the foolishness of 
producing second quality goods for the same amount (or more) effort than 
producing first quality goods.  In other words, this analysis assumes the 
production of seconds is not allowed to occur. 

Annual Excess Cost   Due to Repaired, Scrapped or Second Products 
According to the AMCIA worksheet, "This cost may include process delays 
or overtime to meet normal production, and should be in addition to (the) 
overtime cost entered on the Indirect Labor Worksheet." This means that 
the Annual Excess Cost field is used to anticipate costs associated with 
repaired and scrapped products.  These anticipated costs would be expected, 
but their occurrence would be random and difficult to quantify. Basically 
Annual Excess Cost is used to make the Quality Related Costs more 
conservative.  Since the information used to calculate the Quality Related 
Costs has been based on a rigorous theoretical model, taking into account 
all major eventualities, the Annual Excess Cost field was left blank. 
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Inventory 
The Inventory worksheet was left blank because plant-to-plant 
manufacturing variations made a generally applicable inventory worksheet 
impossible to formulate. The only general statement that can be made is 
that the largest impact a Jet Sew Feeder can have on inventory levels occurs 
when the Feeder is a known production bottleneck. 

INYENTOKY 

Your sales estimate with the current technology for the products 
affected by this decision is: 

Yearl          Year 2         Year 3         Year 4 
3322628*  :•   SSS5B86*       9T8»?5f     10021817* 

Implied average throughput rate ($/week): 

Normal average inventory level (dollars): 

Implied throughput time (weeks): 
If this seems unrealistic, adjust your sales 
estimates and/or your inventory estimate. 

Expected % change in inventory level: 
(Negative percentage indicates a decrease.) 

Expected new throughput time (weeks): 
If it seems unrealistic, adjust estimates before continuing. 

Estimated change in inventory-related recurring cash flows, 
in dollars (e.g. warehouse rental charges, insurance, etc.): 

Yearl          Year 2         Year 3         Year 4 

Year 5 
;:j:o25ftf(82*g 

I 

Year 6 

1 

•:•:•:-:-:•:■:•:■:--:■:■:•:■* 

I 1 

Year 5 Year 6 
1                  1                  1                  1                  I                  1                   1 

Summary of Inventory 

After-tax cash flows: 
Yearl          X©ar?Te.a.r3         I?^.4... Year 5 Year 6 

Confidence fh this estimate1 (1-100): 

Present value: 

1 1 

END OF 'N\£NTORr WORKSHEET 
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Fabric  Utilization 
The fabric utilization worksheet is used to calculate the fabric savings 
associated with the decision to purchase a piece of equipment.  This 
worksheet does not take into account savings due to a reduction in rework 
and an associated reduction in scrap.   Reductions in rework and scrap are 
accounted for in the Quality Related Costs worksheet. Since the Jet Sew 
Feeders are designed to minimize rework, but are not specifically designed 
to maximize fabric utilization, the Fabric Utilization worksheet was left 
blank. 

FABKIC UTILIZATION 

Number of yards per unit: 

Average cost in dollars per yard: 

Estimated number of units to be produced using the 
current technology (unitstyear): 

Yearl          Year 2         Year 3         Year 4 
S32262      .   9322S2      .    932262           932282 

Estimated fabric cost per year (dollars/year): 
Yearl           Year 2           Year 3 Yearl. 

C i 

E i 

Year 5 
Wütigst 

Year 5 p 

Year 6 

Year6 

Expected % fabric savings using the new technology: 
(Positive number indicates a saving.) 

Yearl          Year 2         Year 3         Year 4 Year 5 Year 6 
1                  1                  1                  1                  1                  1                  1 

Fabric savings: 
YeaM          Year 2         Year 3         Year 4^ 

Summary of Fabric Utilization 

After-tax cash flows: 
Yearl          Year 2          Year 3          Year4 

" Confidence ft this estimate (1-100): 

Present value: 

Year5 

Year 5 

Year 6 

Year 6 

r 1 

End of Fabric Utilization Worksheet 
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Miscellaneous 
This worksheet is used to estimate cash flows related to miscellaneous 
categories as defined by the user. Since the worksheet is user dependent, it 
was left blank. 

MISCELLANEOUS 

Flow#1        Name:                         Confidence (1-100): 
I I                  I                  1* 

Estimated before-tax cash flows: 
YearO         Yearl          Year 2 Year 3          Year 4          Year 5          Year 6 

I                  I                  I I                  I                  I                 1 
After-tax cash flows: ^ ^ w 

Present Yaiiie of after-lax cashflows: S:::x¥i::::;:S:??:<x::dollars 

Flow #2        Name: Confidence (1.-100): 
I I                   I                   1% 

Estimated before-tax cash flows: 
YearO          Yearl          Year 2 Year 3          Year 4          Year 5          Year 6 

I                   I                   I I                   I                   i               I] 
After-tax cash flows: ^  ^ M 

Presentyaiue of after-tax cash flows: äiSSxSxSiSgiixdollars 

Flow #3        Name:         Confidence (1-100): 
I I                  1                  1* 

Estimated before-tax cash flows: 
YearO         Yearl          Year 2 Year 3         Year4          Year 5         Year 6 

I                  I                  I I                  I                  1                  i 
After-tax cash flows: ^ ^ w 

Prese ni: va i ue of after-iax cas h f io ws: igS; 'MiMM d°ilars 

Flow #4        Name: Confide'hcefl-lOO). 
I I                   I                   1* 

Estimated before-tax cash flows: 
Year 0         Year 1          Year 2 Year 3         Year 4          Year 5         Year 6 

I                  I                  I I                  I                  I                  I 
After-tax cash flows:   ^ w x 

Present value ofafter-tax cash f'ibws:' ÄxS^ioäxSSSiidollars 

Flow #5 Name: Co nfideTxen-IOQ): 

L 1% 
Estimated before-tax cash flows: 

YearO          Yearl          Year 2          Year 3 Year 4 * Year 5          Year 6 
1                  1                  1                  1                  1                  1                  1                  1 
After-tax cash flows: 

■<mm*mv: do liars 

Total Miscellaneous after-tax cash flows (in dollars): 
YearO         Yearl          Year 2         Year3..... Year 4 Year 5         Year 6 

lÄSSwiwBSdollars 

END OF I] BCELLANECUS1 V/CRK SHEET 
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Quality Revenues 
This worksheet is used to estimate the increase in revenue related to the 
ability to raise the unit price or the production level as a result of a better 
quality reputation. Since the ability to raise prices depends on the market 
being supplied, this worksheet was deemed too specific, and was left blank. 

It should be noted, however, that when properly maintained, Jet Sew 
Feeders, used in conjunction with automated sewing equipment can 
substantially improve quality and thus contribute to increase production 
levels as a result of a better quality reputation. Not only that, the Feeders 
can increase production levels in general.   Increased production capacity 
due to a machine purchase is considered in the Direct Labor worksheet. 

It is important to note that this worksheet is not the same as the Quality 
Related Costs worksheet. 

QUALITY    REVENUES 

Estimated average unit sale price of the product 
with the current technology (in dollars): 

Year 1          Year 2         Year 3 
1Q.QCT         10.25"         10 50* 

Anticipated change in average unit sale price 
due to belter quality (in dollars): 

Year 1          Year 2          Year 3 

Year 4 

Year 4 

Year 5 

Year 5 

Year 6 
11 25" 

Year 6 
I                  I                  I                  I                  I                  I                  I 

Estimated number of units to be produced 
using the current technology: 

Year 1          Year 2         Year 3 Year 4 Year 5 

Year 5 

Year 6 
§5932283? 

Year 6 

Anticipated change in the number of units to be produced 
due to better quality: 

Year 1          Year 2         Year 3 Year 4 
I                  I                  I                  I                  I                  II 

Summary of Quality 

After-tax cash flows: 
Yearl          Year 2         Year 3 

Revenues 

Year 4 Year 5 Year 6 

' Co nfide nee Hi th is estimate (1 -10 0): 

Present value: 

■ 
fc r 1 

END CF nUM-ITY RElfNUES' WORKSHEET 
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Response-Time  Revenues 
This worksheet is used to estimate the increase in revenue related to the 
ability to raise the unit price or the production level as a result of shorter 
response times. 

As with the Quality Revenues worksheet, the Jet Sew Feeder has the 
potential of substantially impacting production, by dramatically reducing 
throughput times.  It has been CAR's experience, however, that in a 
majority of manufacturing environments the increase in throughput 
generated by Jet Sew Feeders is often buried under inefficiencies associated 
with other manufacturing processes.   These manufacturing processes, 
such as the bundle system, frequently have a greater impact on response- 
time than the Jet Sew Feeders. With this in mind, CAR decided to leave the 
Response-time worksheet blank. 

KESPONSE-TIME    REVENUES 

Estimated average unit sale price of the product 
with the current technology (in dollars): 

Yearl          Year 2         Year 3         Year4         Year 5         Year 6 
10.0(T         10.25-         10.50-         10.75-         11.00"         11,25" 

Anticipated change in average unit sale price 
due to belter response time (in dollars): 

Yearl          Year 2         Year 3         Year 4         Year 5         Year 6 
1                  1                  1                  1                  1                  1                  I 

Estimated number of units to be produced 
using the current technology: 

Yearl          Year 2         Year 3         Year 4         Year 5         Year 6 
9322*2-         932262"         S322S2'         932252"         9322S2*         932262" 

Anticipated change in the number of units to be produced 
due to belter response time: 

Yearl          Year 2         Year 3         Year 4         Year 5         Years 
1                  1                  1                  1                  1                  1                  1 

Summary of Response-time Revenues 

After-tax cash flows: 
Yearl          Year 2         Year 3         Year 4         Years         Year 6 

'Confidence fh this estimate1 (1-100):     """11 

Present value                                                                                           ;;;j;v:>:*>«*:■■■■ 

ENDCFRESPCNSE-TMERE\ENUES' Y/CRKSHEET 
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Appendix J - Clupicker Programs 

Complete Calculation Sequence Derived from Appendix 1 

Note: 
•    The "Calculation Values", shown in plain text in the table below, were 

taken from Appendix I which is based on Scenario Ol.b from Appendix 
M. 

•    The "Calculation Values" shown in bold italics were calculated using 
Program  #1 in this appendix.    Due to a calculator failure,  however, 
Program #1 had to be rewritten as Program #2.  Although the program 
output is the same, Program #2's storage register names begin with the 
letters "ST" (short for storage  register).     For example:     the storage 
register named "00" in Program #1 is called "ST0O" in Program #2. 

Calculation Sequence Page 1 of 3 
[Values in bold italics are calculated using a Clupicker Program and 

input into the correspondin g AMCIA worksheet cell(s) (see Appendix I).] 
Step Calcula- Program Calcula- Calculation Values 

tion # Storage 
Register* 

tion I.D. 
(Appen- 

dix I) 

1   Select Appendix M 
Scenario Scenario Ol.b 

2a Perform 
Initial Direct 
Labor 
Calculations 

Original 
Clupickers 

01 00 S.A.M. 0.1067 minJunit 
02 06 Base Rate $            0.0667Imin. 
03 07 (D.L. 10) % 

04 08 (D.L. 11) sec./ply 
05 09 (D.L. 13) % 

06 10 (D.L. 14) sec/ply 
07 11 (D.L. 18) sec./ply 
08 12 (D.L. 20) sec./ply 
09 (I.L. 10) sec. 
10 (D.L. 24)' sec. 
11 15 (D.L. 26) units/day 
12 16 (D.L. 21) 84.5589 % 

*  See Clupicker Programs. 
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Calcula 
[Values in bold italics ar 

input into the correspondin 

tion Sequence Page 2 of 3 
e calculated using a Clupicker Program and 
g AMCIA worksheet cell(s) (see Appendix I).] 

Step Calcula- 
tion # 

Program 
Storage 

Register* 

Calcula- 
tion I.D. 
(Appen- 

dix I) 

Calculation Values 
For Scenario Ol.b 

2b Perform 
Initial Direct 
Labor 
Calculations 

Modified 
Clupickers 

13 17 (D.L. 28) % 

14 18 (D.L. 32) sec/ply 
15 19 (D.L. 29) % 

16 20 (D.L. 33)    J sec/ply 
17 (D.L. 34) sec./ply 
18 22 (D.L. 35) sec./ply 
19 (D.L. 31) sec. 
20 (D.L. 37) sec. 
21 25 (D.L. 39) units/day 
22 26 (D.L. 40) 92.4978 % 

3    Complete 
Quality 
Related Costs 
Worksheet 

23 27 (Q.R.C. 11) plies/day 
24 (Q.R.C. 12) plies/day 
25 (Q.R.C. 15) $                           /day 
26 30 (Q.R.C. 17) $                829 /year 
27 (Q.R.C. 20) plies/day 
28 32 (Q.R.C. 21) 78 % 
29 (Q.R.C. 26) plies/day 
30 (Q.R.C. 28) Vi                          /day 
31 (Q.R.C. 30) $                           /day 
32 (Q.R.C. 31) 5J                           /day 
33 37 (Q.R.C. 32) $                608 /year 

4   Time Check 
(See 
Chapter 3) 

34 (3.4) sec. 
35 (3.5) sec. 
36 (3.7) sec. 
37 (3.8) min. 
38 42 (3.3) 403 min. 
39 43 (3. 7) + (3. 8) 68 min. 

5   Complete 
Company 
Data Sheet 

40 44 (C.D.S. 2) 932,262 units/year 

*  See Clupicker Programs. 
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Calculation Sequence Page 3 of 3 
[Values in bold italics are calculated using a Clupicker Program and 

input into the corresponding AMCIA worksheet cell(s) (see Appendix I).] 
Step Calcula- 

tion # 
Program 
Storage 

Register* 

Calcula- 
tion I.D. 
(Appen- 

dix I) 

Calculation Values 
For Scenario Ol.b 

6   Complete 
Direct Labor 
Worksheet 

Calcula- 
tion 

Done by 
AMCIA 

Change in 
production 
capacity you 
wish to 
exploit 74,011 units/year 

7    Complete 
Investment, 
Installation, 
and 
Depreciation 
Worksheet 

41 45 (LLD. 2) - $                   12,000 

42 46 (I.I.D. 6) - $                       112 

43 41 (LLD. 8) -$                       356 

8   Indirect 
Labor 
Worksheet 

None 01 Pay Rate $                      4.00/hr. 
44 48 (I.L. 11) hr./yr. 
45 49 (LL. 12) 64 hr./yr. 
46 (I.L. 17) hr./yr. 
47 51 (LL. 19) 62 hr./yr. 

9   Calculate 
Net Present 
Value from 
Worksheets 

AMCIA Step 3 $                         3,412 
AMCIA Step 6 JJ                   2,253,431 
Appx. J Step 7 -{>                       8,781 
AMCIA Step 8 ii                              29 
Appx. L ZNPV $                   2,248,091 

*  See Clupicker Program in he Appendices. 
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Clupicker Program #1 - Written for a Hewlett Packard 41CV 
Calculator 

Clupicker Program #1. Written for a Hewlett Packard 41CV. Page 1 of 2. 
Program Inputs Program Outputs 

00* = S.A.M. Direct Labor Worksheet 
01 = !5/hr 00 = S.A.M., Present 
02 = Original Clupicker 00 = S.A.M., Projected 

Performance 06 = Base Rate, Present 
03 = Modified Clupicker 06 = Base Rate, Projected 

Performance 16 = Direct Labor Efficiency, Present 
04 = Number of Clupickers 26 = Direct Labor Efficiency, 
05 = Number of Setups per Day Projected 

Quality Related Costs Worksheet 
30 = Avg. Annual Labor, Present 
32 = Projected Change, Labor 
37 = Avg. Annual Scrap, Present 
32 = Projected Change, Scrap 

Time Check 
42 = Time Available for Repairs 
43 = Time Required for Repairs 

Company Data Sheet 
44 = Est. # Units to be Produced 

Investment, Installation, and Depreciation 
45 = Investment Expense 

- 45 = Original Value of New 
Equipment 

46 = Retraining Expense 
47 = Installation Expense 

Indirect Labor Worksheet 
02 = Indirect Labor Payrate, Present 
02 = Indirect Labor Payrate, 

Projected 
49 = Annual Hours, Present 
51 = Annual Hours, Projected 

*  Storage Register Number 
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Clupicker Program #1. Written for a Hewlett Packard 41CV. Page 2 of 2. 
Column Numbers 

(Enter program one column at a time starting with column 1.) 
1 2 3 4 5 6 

RCLOO + + 0.15625 RCL27 RCL17 
R/S ST012 RCL18 RCL20 0.6 / 

RCL01 RCL05 + X X 2.5 
60 -900 RCL20 RCL25 ST0 43 + 
/ X + X R/S ST0 51 
STO06 28,800 RCL20 RCL27 RCL15 fBEEP 
R/S + + - 245 fBEEP 
RCL02 RCL12 ST0 22 RCL27 X fGTO.. 
RCL04 1/X RCL05 / ST0 44 
Y* X 900 ST0 32 R/S 
STO07 ST015 X R/S RCL04 
RCLOO 4500 RCL07 RCL01 -2000 
X / RCL17 0.0025 X 

60 ST016 / X ST0 45 
X R/S X 0.012 R/S 
STO08 RCL03 28,800 + RCL01 
1 RCL04 - RCL27 -28 
ENTER Y* CHS X X 

RCL07 ST017 RCL22 245 ST0 46 
- RCLOO 1/X X R/S 
STO09 X X ST0 37 RCL04 
RCLOO 60 ST0 25 R/S 6 
X X 4500 RCL32 / 

60 ST018 / R/S -356 
X 1 ST026 RCL10 X 

STO10 ENTER R/S 2 ST0 47 
RCL09 RCL17 0.15625 X R/S 
20 - RCL10 RCL08 RCL05 
X ST019 X + 61.25 
STOll RCLOO RCL15 RCL15 X 

0.15 X X X ST0 48 
RCL08 60 ST0 27 60 2.5 
+ X RCL01 / + 
RCL10 STO20 X 15 ST0 49 
+ RCL19 1.8375 - R/S 
RCL11 20 X fBEEP RCL48 
+ X STO30 ST0 42 RCL07 
RCL10 0.15 R/S R/S X 
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Clupicker Program #2 - Written for a Hewlett Packard 48SX 
Calculator 

Clupicker Program #2. Written for HP48SX Calculator. Page 1 of 2 
Line Variable Contents and Names 

XX ■*!«»• Function *■(+-*■ NUM ENTER - Storage Location STO 
Using the generic sample shown above, the following exact keystroke 

sequence can be used to enter program line 01. 
Ola -h « » ■ a S a T 01 + 60 >- i* ■*■ NUM ENTER ' a S a T 06 STO 

Your calculator should now display 
01b «   STO 1/60' +NUM » 

and a new variable called "ST06" should appear in the variable menu. 
For ease of documentation all program lines will be presented in an 
abbreviated form. For example line 01a and 01b can be shortened to 

01c «   ST01 + 60- -+NUM » ST06 
02 «   ST02 Yx ST04- -»-NUM » ST07 
03 «   ST07 x ST00 x 60- +NUM » ST08 
04 «   1 - ST07- -+NUM » ST09 
05 «   ST09 x ST00 x 60' -*■ NUM » ST10 
06 «   ST09 x 20' -+NUM » ST11 
07 «   15 + ST 08 + ST 10 + ST11 + ST 10' +NUM » ST12 
08 «   (-900 x ST 05 + 28800) x INV(ST 12)' +NUM » ST15 
09 «   ST15 + 4500- -+NUM » ST16 
10 «   ST03 YÄ ST04- +NUM » ST17 
11 «   ST17 x ST00 x 60' -+NUM » ST18 
12 «   1 -ST17- + NUM » ST19 
13 «   ST19 x ST00 x60'+ NUM » ST20 
14 «   ST19 x 20 + 0.15 + ST 18 + ST20 + ST20' -+NUM » ST22 
15 « '-(ST05 x 900 x (ST07 + ST17) - 28800) x INV(ST22)- -*■ NUM 

» ST25 
16 «   ST25 + 4500' -+NUM » ST26 
17 «   0.15625 x ST10 x ST15' -+NUM » ST27 
18 «   ST27 x ST01 x 1.8375' +NUM » ST30 
19 «   INV(ST27) x (0.15625 x ST20 x ST25 - ST27)1 -*■ NUM » ST32 
20 «   (ST01 x 0.0025 + 0.012) x ST27 x 245' -+-NUM » ST37 
21 «   ST10 x 2 + ST08 x ST15 + 60 - 15' -+NUM » ST42 
22 « -ST27 x 0.6- -+■ NUM » ST43 
23 «   ST15 x 245' ^NUM » ST44 
24 «   -2000 x ST04- -+ NUM » ST45 
25 «   -28 x ST01' -+NUM » ST46 
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Clupicker Program #2. Written for HP48SX Calculator. Page 2 of 2 
Line Variable Contents and Names 

26 « --356 x (ST04 + 6)' -+NUM » ST47 
27 «   ST05 + 61.25- -+NUM » ST48 
28 « -ST48 + 2.5' -+NUM » ST49 
29 «   ST48 x ST07 + ST17 + 2.5' -+NUM » ST51 
30 «  ST06 ST07 ST08 ST09 ST10 ST11 ST12 ST15 ST16 ST17 ST18 

ST19 ST20 ST22 ST25 ST26 ST27 ST30 ST32 ST37 ST42 ST43 
ST44 ST45 ST46 ST47 ST48 ST49 ST51 » STPA 
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Appendix K - Example 01.b Summary 

Direct Labor Worksheet 

Scenario Ol.b 
Direct Labor Worksheet 
Cell Name Clupicker 

Program Storage 
Register 

AMCIA Input 
Value 

AMCIA Output 

S.A.M. 
00 0.1067 
00 0.1067 

Base rate 
Present 06 0.0667 
Projected 06 0.0667 

Direct Labor 
Efficiency- 

Present 16 84.5589 
Projected 26 92.4978 

Excess costs 
Present 0.0000 
Projected 0.0000 

Workers' Comp. 
Present 0.00 
Projected 0.00 

End of Calculation Sequence Step 2. 
Go forward in AMCIA to Quality Related Costs Worksheet. 

Change in 
Production 
Capacity 

Year 1-6 74011 
Confidence in 
this estimate 

90      * 

Present value $ 2,253,431 
End of Calculation Sequence Step 6. 

Go backward in AMCIA to Investment, 
Installation, and Depreciation Worksheet. 
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Quality Related Costs 

Scenario Ol.b 
Quality Related Costs Worksheet 
Cell Name Clupicker 

Program Storage 
Register 

AMCIA Input 
Value 

AMCIA Output 

Average annual 
labor cost of 
repair 

Present 30 829 
Projected 32 -78 

Average annual 
labor cost of 
scrap 

Present 37 608 
Projected 32 -78 

Annual net cost 
of seconds 

Present Blank 
Projected Blank 

Annual excess 
cost 

Present Blank 
Projected Blank 

Confidence 90 

Present value $3,412 
End of Calculation Sequence Step 3. 

Go backwards in AMCIA to Company Data Worksheet. 
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Company Data  Worksheet 

Scenario Ol.b 
Company Data Worksheet 
Cell Name Clupicker 

Program Storage 
Register 

AMCIA Input 
Value 

AMCIA Output 

Number of 
annual working 
weeks 

49 

Interest on a 3 
month T-bill 

6 

Company tax 
rate 

35 

Fringe benefits 
Direct Labor 23 
Indirect Labor 25 

Estimated avg. 
unit sale price 

Year 1 10.00 
Year 2 10.25 
Year 3 10.50 
Year 4 10.75 
Year 5 11.00 
Year 6 11.25 

Estimated 
production using 
Original 
Clupicker 

Year 1 - 6 44 932,262 
Estimated sales 
of production 

Year 1 $ 9,322,620 
Year 2 $ 9,555,686 
Year 3 $ 9,788,751 
Year 4 $ 10,021,817 
Year 5 $ 10,254,882 
Year 6 8 10,487,948 

End of Calculation Sequence Step 5. 
Go forward in AMCIA to complete Direct Labor Worksheet 

Calculation Sequence Step 6. 
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Investment, Installation and Depreciation Worksheet 

Scenario Ol.b 
Investment, Insta lation and Depreciation Worksheet 
Cell Name Clupicker 

Program Storage 
Register 

AMCIA Input 
Value 

AMCIA Output 

Investment for 
the project 

YearO 45 -12,000 
Original value of 
new equipment 

-45 +12,000 

Salvage value of 
new equipment 

Blank 

Retraining 
expenses 

46 -112 

Installation 
expenses 

YearO 47 -356 
Depreciation tax 
savings 

$3,687 

Investment cash 
flows 

- $ 12,000 

Installation 
retraining cash 
flows 

-$468 

Present value Calculate from 
the above 3 

AMCIA outputs 
- $ 8,781 

Go for 
End of Calculation Sequence Step 7. 

ward in AMCIA to Indirect Labor Worl tsheet. 
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Indirect Labor Worksheet 

Scenario Ol.b 
Indirect Labor Worksheet 
Cell Name Clupicker 

Program Storage 
Register 

AMCIA Input 
Value 

AMCIA Output 

Indirect labor 
pay rate 

Present 01 4.00 
Projected 01 4.00 

Overtime costs 
Present Blank 
Projected Blank 

Indirect labor 
regular hours 

Present 49 64 
Projected 51 62 

Confidence 90 

Present value $29 
End of Calculation Sequence Step 8. 
Go to AMCIA NPV Summary Sheet. 
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Appendix L - Example 01.b Net Present Value Summary 

AMCIA NPV Summary For Scenario Ol.b 
AMCIA Worksheet NPV ($) 

Company Data Sheet N/A 
Investment, Installation, and 
Depreciation 

- 8,781 

Old Equipment Sale Not Included (N/I) => 0 
Direct Labor 2,253,431 
Indirect Labor 29 
Materials N/I => 0 
Maintenance N/I => 0 
Quality Related Costs 3,412 
Inventory N/I => 0 
Fabric Utilization N/I => 0 
Miscellaneous N/I => 0 
Quality Revenues N/I => 0 
Response-Time Revenues N/I => 0 
Total 2,248,091 
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Appendix N - Initial Scenarios Reevaluated 

plus Additional Scenarios 
(All scenarios evaluated assuming hourly wages of $6/hr.) 
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Scenario 03 - Page 1 of 2 
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Scenario 03 - Page 2 of 2 
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Scenario   06 
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Summary Table - Page 1 of 2 

Summary Table N-l pa gel of 2 
Scenario ^ ^Original *^* Modified Setups per 

Day 
Net Present 

Value 

01 99.5 99.9 1 2.249148 
99.5 99.9 3 2.007075 
99.5 99.9 6 1.668473 
99.5 99.9 9 1.359992 
99.5 99.9 12 1.081735 

02 97.51 98.68 1 2.44226 
97.51 98.68 3 2.200437 
97.51 98.68 6 1.859867 
97.51 98.68 9 1.545335 
97.51 98.68 12 1.257067 

03 98.76 99.23 1 1.663365 
98.76 99.23 3 1.48963 
98.76 99.23 6 1.246216 
98.76 99.23 9 1.023374 
98.76 99.23 12 .820996 

04 99.1 99.5 1 1.718645 
99.1 99.5 3 1.536452 
99.1 99.5 6 1.28155 
99.1 99.5 9 1.048756 
99.1 99.5 12 .837973 

05 99.1 99.9 1 3.804869 
99.1 99.9 3 3.400873 
99.1 99.9 6 2.835861 
99.1 99.9 9 2.32019 
99.1 99.9 12 1.853788 

06 99.2 99.8 1 2.895196 
99.2 99.8 3 2.586858 
99.2 99.8 6 2.155804 
99.2 99.8 9 1.762445 
99.2 99.8 12 1.406865 
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Summary Table - Page 2 of 2 

Summary Table N-l pa ge2of2 
Scenario ^ ^Original ^"Modified Setups per 

Day 
Net Present 

Value 

07 96.5 97.5 1 1.277488 
96.5 97.5 3 1.162066 
96.5 97.5 6 .991717 
96.5 97.5 9 .833022 
96.5 97.5 12 .68603 

08 97.5 98.5 1 2.008091 
97.5 98.5 3 1.809895 
97.5 98.5 6 1.530446 
97.5 98.5 9 1.272221 
97.5 98.5 12 1.035459 

09 98.5 99.5 1 3.433018 
98.5 99.5 3 3.077476 
98.5 99.5 6 2.57886 
98.5 99.5 9 2.121998 
98.5 99.5 12 1.706828 

10 96.5 98.5 1 3.06604 
96.5 98.5 3 2.774385 
96.5 98.5 6 2.361525 
96.5 98.5 9 1.978022 
96.5 98.5 12 1.623929 

11 97.5 99.5 1 4.975445 
97.5 99.5 3 4.477842 
97.5 99.5 6 3.777341 
97.5 99.5 9 3.131956 
97.5 99.5 12 2.550386 

12 96.5 99.5 1 5.690613 
96.5 99.5 •3 5.140259 
96.5 99.5 6 4.362498 
96.5 99.5 9 3.650625 
96.5 99.5 12 2.987352 

N-16 



Appendix O -   Multiple Regression Analysis 

All of the calculated values shown in this section were produced using a 
statistical package called StatView II vl.02 for Macintosh. 

Y-lntercept  Calculations 

Input Data with Residual and Fit Output Data 

Clupicker Multiple Regression Analysis of a First Order Model with 
Two Independent Variable where 

z = y-axis intercept = Net Present Value 
Scenario Input Output 

Original 
Clupicker 

Performance 

Modified 
Clupicker 

Performance 

Net 
Present 
Value 

Residual Fit 

01 99.5 99.9 2.3318272 -.3709728 2.7028 
02 97.51 98.68 2.52939 -.0058428 2.5352398 
03 98.76 99.23 1.7238135 -.3553608 2.0791743 
04 99.1 99.5 1.7813951 -.4861319 2.267527 
05 99.1 99.9 3.9435991 .63819 3.3054091 
06 99.2 99.8 3.0009091 .1056228 2.8952863 
07 96.5 97.5 1.324334 .3292584 .9950756 
08 97.5 98.5 2.0797765 -.0034816 2.0832581 
09 98.5 99.5 3.5572399 .3857993 3.1714406 
10 96.5 98.5 3.1740577 -.415723 3.5897807 
11 97.5 99.5 5.1512488 .4732856 4.6779632 
12 96.5 99.5 5.8898426 -.2946432 6.1844858 
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Remaining Output Data 

Count: 

Multiple 

R: 

Regression Yi :HPV      2 X variables 

R-squared:           Ad i. R-squared: RMS Residual: 

12 .9608648 .9232612 .9062081 .4294191 

Source DF: 
Analysis of Variance Table 

Sum Squares:      Mean Square: F-test: 

REGRESSION 2 19.967087 9.9835435 54.1404612 

RESIDUAL 9 1.6596071 .1844008 p = .0001 

TOTAL 11 21.6266941 

No Residual Statistics Computed 

Here R-squared (0.9232612) implies that the data is fairly linear. An 
R-squared value of one (1) implies perfect linearity. 

Multiple Regression Yi :HPV      2 X variables 

Variable: Coefficient: 
Beta Coefficient Table 

Std.Err.:             Std. Coeff.: t-Value: Probability: 

INTERCEPT -106.6092405 

Original -1.5065226 .1643002 -1.2303903 9.1693285 .0001 

Modified 2.5947051 .2584743 1.347026 10.0385421 .0001 

Here the Coefficient data can be used to develop a model for calculating the 
y-intercept. The model is 

Jint = (-1.5065226 x CP0riginal) + (2.5947051 x CPModified) - 106.6092405   (0.1) 

Where CP implies Clupicker Performance. 
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X-lntercept  Calculations 

Input Data with Residual and Fit Output Data 

Clupicker Multiple Regression Analysis of a First Order Model with 
Two Independent Variable where 

z = x-axis intercept = Number of Setups per Day 
Scenario Input Output 

Original 
Clupicker 

Performance 

Modified 
Clupicker 

Performance 

Number of 
Setups per 

Day 

Residual Fit 

01 99.5 99.9 21.953522 .0444353 21.9090867 
02 97.51 98.68 23.462255 -.0519122 23.5141672 
03 98.76 99.23 22.495695 -.0647068 22.5604018 
04 99.1 99.5 22.235165 -.0355078 22.2706728 
05 99.1 99.9 22.217805 .0478129 22.1699921 
06 99.2 99.8 22.163407 .0334711 22.1299359 
07 96.5 97.5 24.563631 .0936696 24.4699614 
08 97.5 98.5 23.506550 -.0594461 23.5659961 
09 98.5 99.5 22.652833 -.0091979 22.6620309 
10 96.5 98.5 24.197346 -.0209137 24.2182597 
11 97.5 99.5 23.335134 .0208396 23.3142944 
12 96.5 99.5 23.968014 .001456 23.966558 
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Remaining Output Data 

Multiple Regression *f\ :Setups      2 X variables 

Count:                  R:                         R-squared:           Adj. R-squared:   RMS Residual: 

12                          .9984623             .996927               .9962441              .0545586 

Source 
Analysis of Variance Table 

DF:                       Sum Squares:      Mean Square: F-test: 

REGRESSION 2 8.6910374 4.3455187 1459.8732071 

RESIDUAL 9 .0267898 .0029766 p = .0001 

TOTAL 11 8.7178272 

Residual Information Table 
SS[e(i)-e(i-1)]:   e2 0: e <0: DW test: 

.0492967 6 6 1.8401298 

Here R-squared (0.996927) implies that the data is very nearly linear. An 
R-squared value of one (1) implies perfect linearity. 

Multiple Regression Y| :Setups      2 X variables 

Variable: Coefficient: 
Beta Coefficient Table 

Std. Err.:             Std.Coeff.: t-Value: Probability: 

INTERCEPT 111.9543082 

Oriqinal -.6522635 .0208747 -.8390373 31.2466254 .0001 

Modified -.2517017 .0328397 -.2058093 7.6645548 .0001 

Residual : Column 4 Fitted : Column 5 

Here the Coefficient data can be used to develop a model for calculating the 
y-intercept. The model is 

x^, = (-0.6522635 x CP0riginal) - (0.2517017 x CPModified)+ 111.9543082   (0.2) 

Where CP implies Clupicker Performance. 
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Appendix P - Performance Influences 
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Scenario  01 

Appendix Q - AMCIA Time Checks 

' Scenario #01 
Inputs Outputs 

01* 02 03 04 05 42 43 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Original 
Clupicker 
Perform- 

ance 

Modified 
Clupicker 
Perform- 

ance 

# of Clu- 
pickers 

# of Style 
Changes 
per Day 

Time 
Available 

for 
Repairs 

Time 
Needed for 

Repairs 

a 02 0.9950 0.9990 6 1 403 68 
b 04 « « u 403 68 
c 06 it u u 403 68 
d 08 ii ii u 403 68 
e 10 It ii ii 403 68 
f 02 It ii 3 376 63 

g 04 U ii ii a a 

h 06 ii ii ti a a 

i 08 ii ii ii a a 

j 10 it ii ii ii a 

k 02 It u 6 336 57 
1 04 ii n u ii ii 

m 06 ii u a a a 

n 08 ii u u a a 

0 10 u a u a a 

P 02 ii a 9 295 50 

q 04 ii « a a a 

r 06 it « a a a 

s 08 it a a a a 

t 10 ii u a a a 

u 02 ii u 12   . 255 44 
V 04 ii ii a a a 

w 06 ii u a a a 

X 08 ii u a a a 

y 10 it u a a it 

*   Clupicker-F rogram Register-* (see Appendix J). 
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Scenario  02 

Scenario #02 
Inputs Outputs 

01* 02 03 04 05 42 43 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Original 
Clupicker 
Perform- 

ance 

Modified 
Clupicker 
Perform- 

ance 

# of Clu- 
pickers 

# of Style 
Changes 
per Day 

Time 
Available 

for 
Repairs 

Time 
Needed for 

Repairs 

a 02 0.9751 0.9868 6 1 316 229 
c 06 u it ii ii ii 

e 10 u U ii ii it 

f 02 u ii 3 295 214 
h 06 « ii u ii « 

j 10 u ii u ii u 

k 02 u ii 6 263 192 
m 06 u ii ii ii it 

0 10 u ii ii ii ii 

P 02 u a 9 231 170 
r 06 u it ii u ii 

t 10 « u ii u tt 

u 02 u tt 12 198 148 
w 06 u u u it it 

y 10 u u u it it 

*   Clupicker-Program Register-* (see Appendix J). 
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Scenario  03 

Scenario #03 
Inputs Outputs 

01* 02 03 04 05 42 43 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Original 
Clupicker 
Perform- 

ance 

Modified 
Clupicker 
Perform- 

ance 

# of Clu- 
pickers 

# of Style 
Changes 
per Day 

Time 
Available 

for 
Repairs 

Time 
Needed for 

Repairs 

c 06 0.9876 0.9923 6 1 362 143 
h u it « ii 3 338 134 
m u it « ii 6 302 120 
r u it u it 9 265 106 
w ii ii u ii 12 228 92 

*   Clupicker-Program Register-* (see Appendix J). 

Scenario   04 

Scenario #04 
Inputs Outputs 

01* 02 03 04 J 05 42 43 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Original 
Clupicker 
Perform- 

ance 

Modified 
Clupicker 
Perform- 

ance 

# of Clu- 
pickers 

# of Style 
Changes 
per Day 

Time 
Available 

for 
Repairs 

Time 
Needed for 

Repairs 

c 06 0.9910 0.9950 6 1 379 111 
h u it « ii 3 354 104 
m ii ii u it 6 316 93 
r u ii a ii 9 278 83 
w u ii u it 12 239 72 

*   Clupicker-Program Register-* (see Appendix J). 
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Scenario  05 

Scenario #05 
Inputs Outputs 

01* 02 03 04 05 42 43 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Original 
Clupicker 
Perform- 

ance 

Modified 
Clupicker 
Perform- 

ance 

# of Clu- 
pickers 

# of Style 
Changes 
per Day 

Time 
Available 

for 
Repairs 

Time 
Needed for 

Repairs 

c 06 0.9910 0.9990 6 1 379 111 
h it u a it 3 354 104 
m it u u it 6 316 93 
r it u « tt 9 278 83 
w tt u a it 12 239 72 

*   Clupicker-Program Register-* (see Appendix J). 

Scenario   06 

Scenario #06 
Inputs Outputs 

01* 02 03 04 05 42 43 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Original 
Clupicker 
Perform- 

ance 

Modified 
Clupicker 
Perform- 

ance 

# of Clu- 
pickers 

# of Style 
Changes 
per Day 

Time 
Available 

for 
Repairs 

Time 
Needed for 

Repairs 

c 06 0.9876 0.9923 6 1 385 101 
h it it u a 3 359 95 
m it it u u 6 320 85 
r it it u u 9 282 75 
w it it u a 12    " 243 65 

*   Clupicker-Program Register-* (see Appendix J). 
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Scenario  07 

Scenario #07 
Inputs Outputs 

01* 02 03 04 05 42 43 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Original 
Clupicker 
Perform- 

ance 

Modified 
Clupicker 
Perform- 

ance 

# of Clu- 
pickers 

# of Style 
Changes 
per Day 

Time 
Available 

for 
Repairs 

Time 
Needed for 

Repairs 

c 06 0.9910 0.9990 6 1 290 277 
h it u u u 3 270 259 
m it u u (( 6 241 232 
r tt u u u 9 211 206 
w it u u u 12 182 179 

*   Clupicker-Program Register-* (see Appendix J). 

Scenario   08 

Scenario #08 
Inputs Outputs 

01* 02 03 04 05 42 43 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Original 
Clupicker 
Perform- 

ance 

Modified 
Clupicker 
Perform- 

ance 

# of Clu- 
pickers 

# of Style 
Changes 
per Day 

Time 
Available 

for 
Repairs 

Time 
Needed for 

Repairs 

c 06 0.9876 0.9923 6 1 316 230 
h ii ii <( u 3 294 215 
m ii ii a it 6 162 193 
r ii ii u it 9 230 170 
w ii ii u it 12    • 198 148 

*   Clupicker-Program Register-* (see Appendix J). 
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Scenario  09 

Scenario #09 
Inputs Outputs 

01* 02 03 04 05 42 43 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Original 
Clupicker 
Perform- 

ance 

Modified 
Clupicker 
Perform- 

ance 

# of Clu- 
pickers 

# of Style 
Changes 
per Day 

Time 
Available 

for 
Repairs 

Time 
Needed for 

Repairs 

c 06 0.9910 0.9990 6 1 351 164 
h ii ii a « 3 327 154 
m ii ii u it 6 292 138 
r u ii it a 9 256 122 
w n n « u 12 221 106 

*   Clupicker-Program Register-* (see Appendix J). 

Scenario   10 

Scenario #10 
Inputs Outputs 

01* 02 03 04 05 42 43 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Original 
Clupicker 
Perform- 

ance 

Modified 
Clupicker 
Perform- 

ance 

# of Clu- 
pickers 

# of Style 
Changes 
per Day 

Time 
Available 

for 
Repairs 

Time 
Needed for 

Repairs 

c 06 0.9876 0.9923 6 1 290 277 
h « u u ii 3 270 259 
m « a it ii 6 241 232 
r « u it ii 9 211 206 
w « « it ii 12   " 182 179 

*   Clupicker-Program Register-* (see Appendix J). 
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Scenario   11 

Scenario #11 
Inputs Outputs 

01* 02 03 04 05 42 43 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Original 
Clupicker 
Perform- 

ance 

Modified 
Clupicker 
Perform- 

ance 

# of Clu- 
pickers 

# of Style 
Changes 
per Day 

Time 
Available 

for 
Repairs 

Time 
Needed for 

Repairs 

c 06 0.9910 0.9990 6 1 316 230 
h it ii « ii 3 294 215 
m ii ii u ii 6 262 193 
r ii ii « ii 9 230 170 
w u ii u ii 12 198 143 

*   Clupicker-Program Register-* (see Appendix J). 

Scenario   12 

Scenario #12 
Inputs Outputs 

01* 02 03 04 05 42 43 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Original 
Clupicker 
Perform- 

ance 

Modified 
Clupicker 
Perform- 

ance 

# of Clu- 
pickers 

# of Style 
Changes 
per Day 

Time 
Available 

for 
Repairs 

Time 
Needed for 

Repairs 

c 06 0.9876 0.9923 6 1 290 277 
h u ii ii ii 3 270 259 
m a ii ii n 6 241 232 
r u u it u 9 211 206 
w u u u ii 12    * 182 179 

*   Clupicker-Program Register-* (see Appendix J). 
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Appendix R - Minimum Clupicker Performance 
Requirements 

Scenario 13 - Six Clupickers 

Scenario #06 
Inputs Outputs 

01* 02             03 04 05 42 43 44 
Sub- 
sce- 
nar- 
ios 

Bourly 
Wages 
($/hr) 

Original 
Clu- 

picker 
Perform- 

ance 

Modified 
Clu- 

picker 
Perform- 

ance 

#of 
Clu- 

pickers 

#of 
Styles 
per 
Day 

Time 
Avail- 

able 
for 

Repairs 

Time 
Needed 

for 
Repairs 

Original 
Yearly 
Produc- 

tion 

04 0.8500 0.9500 6 0 201.82 468.09 306873 
06 0.8500 0.9500 u 0 201.82 468.09 306873 

ii 0.8500 1.0000 u 0 201.82 468.09 306873 
ii 0.9627 ii it 0 294.91 295.29 591251 

a it 0.9628 ii « 0 295.13 294.90 591901 
ii 0.9628 ii ii 1 285.43 285.69 573404 

b ii 0.9629 « ii 1 285.64 285.30 574035 
U 0.9630 ii 3 266.44 266.54 537593 

c ii 0.9631 ii 3 266.63 266.17 538187 
ii 0.9633 ii 6 237.85 237.99 483581 

d ii 0.9634 ii 6 238.02 237.66 484118 
u 0.9637 ii 9 209.30 209.37 429690 

e u 0.9638 u 9 209.45 209.08 430170 
n 0.9642 it 12 180.73 180.79 375742 

f u 0.9643 ii 12 180.87 180.53 376165 
n 0.9648 it 15 152.08 152.35 321554 

g 
n 0.9649 it 15 152.20 152.13 321920 
n 0.9666 ii 20 104.50 104.65 231740 

h n 0.9667 it 20 104.59 104.48 232011 
n 0.9706 ii 25 56.90 56.97 141895 

i n 0.9707 a 25 56.96 56.86 142073 
u 0.9874 a 30 9.29 9.33 51980 

j 
n 0.9875 a 30 9.32 9.27 52071 
u 0.9999 u 31 -0.37 0.05 33582 
u 0.99999 it 31 -0.35 0.005 33656 
u Anything u 32 Not Possib e 

*   Clupicker-Program Register-# (see Appendix J). 
Bold performance values are minimum acceptable values. 
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Scenario 14 - Twelve Clupickers, Assuming Strong Interaction 

Scenario #07 
Inputs Outputs 

01* 02 04 05 42 43 44 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Indivi- 
dual Clu- 

picker 
Perform- 

ance 

Group 
Clu- 

picker 
Perform- 

ance 

#of 
Clu- 

pickers 

#of 
Styles 
per 
Day 

Time 
Avail- 
able 
for 

Repairs 

Time 
Needed 

for 
Repairs 

Original 
Yearly 
Produc- 

tion 

a 06 0.8071 0.9628 12 0 295.13 294.90 591901 
b « 0.8074 0.9629 ii 1 285.64 285.30 574035 
c u 0.8079 0.9631 ii 3 266.63 266.17 538187 
d u 0.8087 0.9634 ii 6 238.02 237.66 484118 
e « 0.8097 0.9638 u 9 209.45 209.08 430170 
f u 0.8111 0.9643 ii. 12 180.87 180.53 376165 
g 

(i 0.8127 0.9649 ii 15 152.20 152.13 321920 
h it 0.8175 0.9667 ii 20 104.59 104.48 232011 
l 

ii 0.8288 0.9707 u 25 56.96 56.86 142073 
J 

li 0.8882 0.9875 it 30 9.32 9.27 52071 
u 0.9900 0.9999 ii 31 -0.37 0.05 33582 
« 0.9968 0.99999 ii 31 -0.35 0.005 33656 

N/A     Anything     " 32 Not Possibl e 
*   Clupicker-Program Register-* (see Appendix J). 

| Bold performance values are minimum acceptable values. 

As discussed in Chapter 1, Clupickers placed close together will 
successfully pick even if one Clupicker fails.  To determine the picking 
performance of two Clupickers side-by-side, the following logic applies. 

If the failure rate of a single Clupicker is "z" (for example: z = 0.005) then 
the success rate of the same Clupicker "x" is x = 1 - z (or*0.995). 

Two Clupickers placed side-by-side will have a failure rate of z2 (which 
equals 0.000025) or a success rate "y" such that y = 1 - z2 (which equals 
0.999975). 

Since the success rate of a Clupicker was identified as x = 1 - z, rearranging 
yields: z = (1 - x). 
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Plugging the new equation for V into the equation for "y* yields: 

y == 1 - (1 ■ xf Equation P. 1 

where "x" is the individual Clupicker success rate, and y is the paired 
Clupicker success rate. 

Rearranging Equation P.l yields: 

x = -{[-(y- l)r - 1) (R2) 

This equation can be used to determine the individual Clupicker 
performance ratings (x) of paired Clupickers if a specific picking 
performance (y) is required. 

For example: if a two closely spaced Clupickers are to have a minimum 
performance rating of 0.9628, then Equation P.2 becomes: 

x = -{[-(0.9628 - Dl1* - 1} 

= -{[-(-0.0372)]1A - 1} 

= -(0.1929 - 1) 

= 0.8071 

So, two closely spaced Clupicker with individual performances of 0.8071 will 
have a group performance of 0.9628. For other values see the table above. 

It is left as an exercise to the reader to verify that for "nw Clupickers 
grouped close together, Equation P.2 can be expressed as: 

x = -{[-(y- !)]*-« (p-3> 
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Scenario 15 - Eighteen Clupickers, Assuming Strong Interactions 

Scenario #08 
Inputs Outputs 

01* 02 04 05 42 43 44 
Sub- 
sce- 
nar- 
ios 

Hourly 
Wages 
($/hr) 

Indivi- 
dual Clu- 

picker 
Perform- 

ance 

Group 
Clu- 

picker 
Perform- 

ance 

#of 
Clu- 

pickers 

#of 
Styles 
per 
Day 

Time 
Avail- 
able 
for 

Repairs 

Time 
Needed 

for 
Repairs 

Original 
Yearly 
Produc- 

tion 

a 06 0.6662 0.9628 18 0 295.13 294.90 591901 
b u 0.6665 0.9629 a 1 285.64 285.30 574035 
c u 0.6671 0.9631 « 3 266.63 266.17 538187 
d u 0.6680 0.9634 u 6 238.02 237.66 484118 
e ii 0.6692 0.9638 u 9 209.45 209.08 430170 
f u 0.6707 0.9643 u 12 180.87 180.53 376165 
g 

u 0.6726 0.9649 ii 15 152.20 152.13 321920 
h u 0.6783 0.9667 u 20 104.59 104.48 232011 
i u 0.6917 0.9707 ii 25 56.96 56.86 142073 
j 

u 0.7679 0.9875 u 30 9.32 9.27 52071 
ii 0.9536 0.9999 ii 31 -0.37 0.05 33582 
u 0.9785 0.99999 u 31 -0.35 0.005 33656 
ii N/A Anything ii 32 Not Possib e 

*   Clupicker-Program Register-* (see Appendix J). 
Bold performance values are minimum acceptable values. 

Equation P. 3 (shown below for convenience) can be used to calculate the 
individual Clupicker performance (x) required to meet the group 
performance (y) if "n" is the number of Clupickers in the closely spaced 
group. 

= -{[-(y - Dl l/h 1} (P.3) 
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For example:  if a three closely spaced Clupickers are to have a minimum 
performance rating of 0.9628, then Equation P.3 becomes: 

x = - {[ - (0.9628 - 1)]V3 - 1} 

= -{[-(- 0.0372)]U3 - 1} 

= - (0.3338 - 1) 

= 0.6662 

So, three closely spaced Clupicker with individual performances of 0.6662 
will have a group performance of 0.9628. 
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Glossary 

Bologna Slicer 

CAR 

centerplaite 

Clupicker 

AMCIA Apparel Manufacturer's Capital Investment 
Advisor.  A capital investment program written in 
part by Dr. Steve Davis, Professor of Management 
and Computer Science, Clemson University. 
AMCIA is available free from Clemson Apparel 
Research and runs on any computer with 
Microsoft Excel 4.0 or higher. 
A device constructed by Clemson Apparel 
Research to make the reuse of test bundles 
possible. See Chapter 2 page 2 -7. 
Clemson Apparel Research, 500 Lebanon Rd., 
Pendleton, SC 29670. Phone: 803/646-8454. 
The front and center portion of a shirt which 
contains the button holes and used to close the 
shirt. 
A device designed to separate or "pick" the top- 
most ply off of a neat bundle of stacked and cut 
parts.   Clupickers perform this task using a 
serrated (toothed) wheel. Clupickers were 
originally designed at Cluett-Peabody, and are 
currently being made by Jet Sew Inc., Barneveld, 
N.Y.. 

Clupicker Performance Model - A mathematical model use to calculate the 
Scenario Line of any specified Production 
Scenario. 
A correction factor derived from pre-experimental 
data and used to bias data results in favor of the 
Original Clupickers. 
A correction factor derived from Post- 
experimental Data "A" and "B" and used to bias 
data results in favor of the Original Clupickers. 

critical production-time-path - A refined production-model which only looks 
at the time that must be used during a typical day 
of manufacturing to keep the Hemmer running. 

Correction Factor 1 

Correction Factor 2 

Glossary - 1 



design team 

hemmer 

Input parameters 

Loader 

Modified Clupicker 

NCSU 
Original Clupicker 

pickup device 

Post-experimental Data 

Post-experimental Data 

production scenario 

Scenario Line 

test team 

Time-based Production- 

Dr. Tim Clapp, Professor, NCSU 
Keith Daniel, Textile Egr. Grad. Student, NCSU 
John Beaton, Textile Egr. Grad. Student, NCSU 
Ernst Schramayr, President, Jet Sew 
Bob Beasock, Project Engineer, Jet Sew 
Brion Dote, Design Engineer, Jet Sew 
Tony Aspland, Project Engineer, CAR, 
An automatic machine used to fold and sew the 
Centerplaite before the button holes are added. 
Hourly wages ($/hr.), Original Clupicker 
Performance (%), Modified Clupicker 
Performance (%), and Setups per Day. 
An automatic device that loads (or feeds) freshly 
cut shirt fronts into the Hemmer. 
A Clupicker based on Dr. Tim Clapp's (Professor 
of Textile Engineering, North Carolina State 
University) concept of a self-adjusting pickup 
device. 
North Carolina State University, Raleigh, NC. 
A Clupicker made prior to Phase II of the 
Clupicker Project. 
Any device designed to separate or "pick" the top- 
most ply off of a neat bundle of stacked and cut 
parts.   Examples include Clupickers, needle 
pickers, tape pickers, electrostatic pickers, 
vacuum pickers, Walton pickers, and more. 
A" - Data which shows that Clupicker 5's 
performance deteriorated during the coarse of the 
actual experiment. 

"B" - Data which shows that Clupicker 5's 
performance did not directly affect the 
performance of the other Clupickers. 
One of a large number of mathematical models of 
production environments.  All of the production 
scenarios were based on the same underlying 
assumptions, but each scenario had its own 
unique input parameters and its own unique 
Scenario line. 
A line on a graph that relates Net Present Value 
to Setups per Day for a particular Production 
Scenario. 
Tony Aspland, Project Engineer, CAR, 
Madhusudan Nagaraja, Egr. Associate, CAR 

model - A mathematical model of Hemmer 
performance which looks at the Jet Sew Hemmer 
and Loader as a single unit.  The model accounts 
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for how time is used during daily a typical day of 
manufacturing, 

time check A mathematical process which ensures that the 
time needed to keep the Hemmer running does not 
exceed the time available. 
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